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FHEFACE 


The  presentation  of  this  dissertation  material  is  purposely  given 
in  detailed  form  to  faeilit&te  duplication  'by  future  investigators,  The 
procedure  followed  in  the  synthesis  of  various  members  of  a homologous 
series  ie  given  separately  for  each  compound,  even  though  it  is  basically 
the  same  for  all  members  of  the  series. 

In  conformity  with  present  usage  in  research  reports,  all  teatpera* 
tuxes  refer  to  the  centigrade  scale;  its  symbol  is  omitted. 

The  boiling  points  are  corrected  values , and  unless  otherwise 
indicated,  they  represent  boiling  points  at  atmospheric  pressure.  The 
thermoaetere  used  in  obtaining  these  boiling  points  were  calibrated  against 
a set  of  thermometers  standardized  by  the  Bureau  of  Standards. 

Pressure  readings  below  10  am.  were  obtained  from  a KcLeod  gauge; 
those  above  10  am.  were  obtained  from  a Ztarasrli  gauge  calibrated  at 
4 am.  against  the  McLeod  gauge. 

All  fractionations  were  carried  out  througi  a 90  cn.  column  pack- 
ed with  one-eighth  inch  Berl  saddles. 

The  atomic  refractions  used  throughout  this  research  in  calculat- 
ing theoretical  values  of  molar  refractions  were  obtained  from  Karrer, 
Organic  Chemistry.  Second  English  Edition,  Elsevier  Publishing  Co.,  Inc., 
1946,  P.  914. 

The  manner  of  listing  references  is  ths  customary  one  for  technical 
works.  Journal  abbreviations  are  the  official  ones  of  "Chemical  Abstracts." 
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CHAPTER  I 


IHTBQDUCTIOS  AND  REVIEW  OF  THE  LITERATURE 

The  research  described  in  this  dissertation  was  conducted  under 
the  sponsorship  of  the  Office  of  Haval  Research,  which  specified  in 
general  that  the  compounds  prepared  should  he  liquids  containing  one 
or  more  amine  groups  and  one  or  more  unsaturated  linkages,  either 
ethylenlc  or  acetylenic.  They  also  specified  that  the  compound?  should 
contain  no  other  functional  groups.  It  was  decided  that  the  particular 
phase  of  the  project  represented  by  this  dissertation  should  be  con- 
fined to  the  synthesis  of  acetylenic  amines.  Although  some  compounds 
were  prepared  which  deviated  from  this  general  type,  they  were  prepared 
by  the  same  method  which  led  to  the  acetylenic  amines  in  other  cases, 
and  they  form  an  integral  part  of  this  phase  of  the  research. 

The  field  of  acetylenic  amines  is  a relatively  new  one,  and 
references  to  it  in  the  literature  are  few.  The  earliest  reference 
to  the  synthesis  of  acetylenic  amines  which  was  located  in  the  litera- 
ture described  in  1933  the  work  of  Mannich  and  Chang,  who  prepared  1- 
phenyl-3-dialkylamino-propyne-l  compounds  by  the  reaction  of  phenyl- 
acetylene,  formaldehyde,  and  the  appropriate  secondary  amine.1  Jones 

Harssak,  and  Bader  later  reacted  l-hexyne , formaldehyde,  and  diethylamine 

2 

to  form  1 -diethyl amino -hep tyne-2  in  a similar  manner.  Several  patents 
have  been  granted  covering  the  reaction  of  acetylene,  formaldehyde,  and 
amines  to  form  the  acetylenic  amine,  with  only  slight  variations  in  the 
method. 3.^ .5 ,6,7 
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Jones , Lacey , end  Smith  prepared  various  mine*  containing  “both 
double  and  triple  bonds  by  the  reaction  of  alkenynyl  halides  with  ammonia 

f> 

and  amines.  Their  paper  also  describes  a study  of  the  rearrangements 
encountered  in  these  reactions,  Johnson  reacted  1 ,4-diehlorobutyne-2 
with  ammonia  and  amines  to  form  the  corresponding  acetylenic  diamines. 9 

In  each  of  the  above  cates,  the  acetylenic  amine  was  formed  by 
the  reaction  of  ammonia  or  en  amine  with  a compound  which  already  con- 
tained the  triple  bond.  The  reaction  of  acetylene  with  formaldehyde  and 
an  amine  to  form  an  acetylenic  amine  is  hampered  by  the  requirement*  of 
conducting  the  reaction  under  pressure  and  in  the  presence  of  a catalyst. 
The  reaction  of  other  alkyne*  with  formaldehyde  and  asnonia  or  amines  is 
limited  to  the  higher  members  of  the  series,  because  of  the  high  vola- 
tility of  the  lover  alkynes.  The  reaction  of  an  alfcynyl  halide  with 
ammonia  or  an  amine  is  limited  by  the  difficulty  of  preparation  of  the 
appropriate  alkynyl  halide,  ill  the  method*  previously  used  have  been 
rather  unsuitable  for  routine  laboratory  synthesis,  end  it  was  desirable 
to  find  a method  whereby  the  acetylenie  amines  could  be  conveniently  pre- 
pared using  only  equipment  which  would  normally  be  found  in  an  organic 
laboratory. 

In  order  to  avoid  the  difficulty  of  preparing  alkynes  or  alkynyl 
halides , it  was  decided  to  form  a halo-alkenylamine  which  could  then  be 
dehydrohalogenated  to  the  corresponding  acetylenie  amine.  These  halo- 
alkenylamines  were  easily  prepared  by  the  reaction  of  2 ,3-dibromopropene 
with  amines.  Although  these  halo-alfcenylamines  have  not  been  previously 
reported  in  the  literature,  the  reaction  of  a halogen  compound  with  an 
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amine  is  so  veil-known  that  a review  of  the  literature  on  this  subject 
it  unnecessary. 

It  would  be  impractical  to  repeat  here  the  entire  history  of 
the  process  of  dehydrohalogenatlon  for  the  purpose  of  introducing  a 
triple  bond.  An  excellent  surrey  of  previous  research  on  the  synthesis 
of  acetylenes , including  the  process  of  dehydrohalogenatlon,  has  been 
published  recently,*®  and  only  a brief  summary  will  be  presented  here. 

Alcoholic  potassium  hydroxide  has  bean  used  most  frequently 
for  the  synthesis  of  acetylenes  by  dehydrohalogenatlon.  Potassium 
hydroxide  has  also  been  widely  used  in  solid  or  molten  form.  Sodium 
amide,  sodium  hydroxide,  sodium  ethoxlde,  sodium  anilide,  sodium  ethyl- 
me  reap  tide , potassium  benzylate,  potassium  carbonate,  potassium  tort- 
butoxide,  nethylemine,  diethyl  amine , pyridine,  quinoline,  soda  lime, 
and  the  alkaline  earth  carbonates  and  hydroxides  hare  also  been  used, 
although  to  a lesser  extent.  In  the  research  described  in  this  disserta- 
tion, only  sodium  amide  was  used  for  the  dehydrohalogenatlon  to  produce 
a triple  bond.  Tor  a more  complete  description  of  the  use  of  other  re- 
agents, the  reader  le  referred  to  the  previously  mentioned  surrey.10 

Meunler  sad  Despannet , who  prepared  acetylene  by  reacting  ethylene 

bromide  with  powdered  sodium  amide,  were  the  first  to  use  this  reagent  to 

produce  a triple  bond.11  In  a later  publication,  they  described  the  prep- 

12 

aratlon  of  some  higher  alkynes.  Bourguel  has  published  several  papers 
describing  the  preparation  of  alkynes  by  dehydrohalogenatlon  with  sodium 
amide  in  an  inert  solvent  such  as  toluene,  xylene,  or  various  high-boiling 
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petroleum  fraction* . ^ *^**15 ,16  s^nce  Bourguel**  work,  many  investigator* 
have  reported  the  use  of  sodium  amide  a*  an  agent  for  the  introduction 
of  a triple  bond,  ueually  in  high-bolllng,  inert  hydro  carbons  a*  the 
solvent.  The  first  u*e  of  liquid  -nroonia  a*  a solvent  for  the  dehydro- 
halogenation  reactions  to  produce  a triple  bond  was  reported  by  Vaughn, 
Vogt,  and  Nisuwlaad.1^  The  use  of  this  solvent  has  since  been  reported 
by  Kyden,  01  avis,  and  Marvel1®  and  by  Campbell  and  0* Connor. *9  Liquid 
eMaonta  was  need  almost  exclusively  in  the  research  described  in  this 
dissertation,  since  ite  use  resulted  in  better  yields  and  in  greater  ease 
of  purification  of  the  products. 

To  prepare  the  higher  homologs  of  the  various  series,  the  coupling 
of  alkyl  halides  with  the  sodium  acetylide  of  acetylenic  amines  was  used 
extensively  in  this  research.  The  alkylation  of  sodium  acetyl  ids  in 
liquid  ammoni*  by  alkyl  halides  was  first  reported  by  Lebeau  and  Picon.2**’21 
They  employed  the  alkyl  iodides,  but  the  bromides  usually  have  been  found 
to  give  higher  yields.  In  place  of  the  alkyl  halides,  the  use  of  alkyl 
sulfates22’^  and  esters  of  ^-toluene sulfonic  acid2**  has  been  reported. 

These  couplings  are  limited  to  the  introduction  of  primary  alkyl  group*. 
Other  halogen  compounds  react  in  a different  manner  to  give  various 
products.21,2^,2^»27*2®*2S>*30*31  f0T  a nor*  complete  summary  of  previous 
resear eh  on  these  coupling  reactions,  the  reader  i*  again  referred  to  the 
published  survey  of  the  synthesis  of  acetylenes.10 

The  second  phase  o t the  research  described  in  this  dissertation 
deals  with  the  synthesis  of  ^-substituted  2-propeaylideniffilnes.  While 
saturated  aldehydes  react  with  primary  famines  to  form  substituted  imines 
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of  this  tame  type,  acrolein  doss  not  undergo  this  reaction.  The  normal 
reaction  between  a saturated  aldehyde  and  a primary  amine  forms  an  al  de- 
laine, or  Schiff  base,  by  removal  of  water  between  the  aldehyde  and  the 
amine.  This  reaction  has  long  been  known  In  the  aromatic  series.  Zt 
has  more  recently  been  extended  te  the  aliphatic  series  as  described  by 
Kahovec,^2  Tiollais,^*^  Campbell,  Sommers  and  Campbell,*^  Lilly  A Co.  ^ 
and  others.  The  synthesis  of  branehsd  chain,  aliphatic  secondary  imine s 
has  been  reported  by  Clark  and  Wilson.^  Xropp  reported  the  reaction  of 
alpha-subs tl  tuted  cinnamaldehydes  with  primary  aromatic  amines  to  yield 
Schiff  basest  and  the  reaction  of  alpha-beta-substituted  acroleins  with 
primary  aromatic  amines  to  yield  oile  presumed  to  be  Schiff  bases. ^ 
Tiollais,  in  one  of  the  papers  referred  to  above, reported  the  synthesis 
of  the  imine s formed  by  reaction  of  crotonaldehyde  with  a-propylamine  »«d 
with  i so  propylamine . No  reference  to  the  synthesis  of  simple  imine  s by 
the  reaction  of  unsubsti tuted  acrolein  with  primary  amines  have  been 
located  in  the  literature.  Carnahan  and  Hurd  have  reported  that  the  re- 
action of  acrolein  with  aniline  yielded  a resin  J*0  and  Naim  reported  that 
this  reaction  yielded  a compound  with  the  satirical  formula  CjqH^ON^41 
Other  reported  reactions  of  acrolein  with  primary  amino  compounds  have 
yielded  products  other  than  the  imine. 

When  an  effort  was  made  to  synthesize  secondary,  acetylenic  amines 
by  the  same  method  described  in  this  dissertation  for  the  synthesis  of 
tertiary,  acetylenic  amines,  it  was  found  that  an  imine  was  formed.  In 
each  case,  it  was  the  imine  which  would  have  resulted  from  the  formation 
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of  a Schiff  baas  bet  we  on  acrolein  end  a primary  amine,  although,  acrolein 
itself  does  not  undergo  this  reaction  under  normal  conditions.  Several 
attempts  were  made  to  synthesise  these  compounds  by  the  reaction  of 
acrolein  with  primary  aliphatic  amines,  employing  the  conditions  used 
by  other  invest iga tore  for  preparing  similar  compounds,  but  all  attempts 
resulted  in  the  formation  of  resins. 

This  synthesis  of  these  iaines  is  very  unusual,  and  offers  a 
considerable  insight  into  the  mechanism  of  dehydroh&logenation  reactions 
employing  sodium  amide.  This  mechanism  will  be  discussed  in  Chapter  VZI 
of  this  dissertation. 


CHAFTKH  II 


PKSPARATIOH  OF  niT-ftMEDIATES 

The  intermediate  halo~alksnylamine  s used  la  this  research  hare 
all  been  prepared  by  the  reaction  of  2 ,3-dibre»o propane  with  a primary 
or  secondary  amine.  The  reaction  is  shown  below » 


2 \-H 


♦ Br-CH2-C=CH2  — 

Br 


S-CK2-OSCH2 

Br 


+ 


+ 

Br- 


in the  reaction  as  applied  to  this  research,  £ represents  an 
alkyl  group  and  B*  represents  a hydrogen  atom,  the  same  alkyl  group  as 
represented  by  R,  or  the  2-bromo-2-propenyl  radical. 

By  observing  the  structure  of  2 ,3-dibronopropene  as  shown  above, 
it  may  be  seen  that  the  halogen  atom  attached  to  the  central  carbon  is 
vinyl  in  nature  and  consequently  ie  very  inert.  The  other  halogen  atom 
is  on  a carbon  atom  once  removed  from  the  double  bond,  as  in  allyl  bromide, 
and  is  extremely  active.  This  great  difference  in  the  reactivity  of  the 
two  halogen  atoms  insures  that  side  reactions  of  the  inert  halogen  atom 
with  the  amine  will  be  held  to  a minimum  and  undoubtedly  contributes 
greatly  to  the  stability  of  the  h&lo-alkenylamines  formed. 
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Theee  hal o-elkenyl amine 8 have  been  successfully  used  in  the  exude 
form  In  the  dehy&rohalogenation  reactions,  hut  somewhat  higher  yields 
have  been  obtained  when  they  were  purified  by  distillation  before  use. 

Since  all  these  intermediates  were  found  to  be  somewhat  unstable, 
they  were  stored  in  dark  bottles  in  a refrigerator  where  they  remained 
for  periods  of  several  months  with  only  slight  decomposition. 

Zn  every  ease,  the  amine  hydrobromides  which  were  formed  in  the 
reaction  as  shown  above  were  preserved  for  recovery  of  the  free  amine, 
thereby  avoiding  considerable  waste  which  might  otherwise  have  occurred. 

Syn.thasis  of  l^jhyl6iaino~?-broaopropene~2 


C2*5\ 

2 ^ 3*H  + Br— CiLy-  CsGHg 

**  ir 


, °is5\.  _ 

2 /fl-CH^CrCEU  + 

Vs  » 


H 


x* 


ar 


One  thousand  grams  (5  moles)  of  2,3-dibromopropene  and  a solution 
of  ?30  g.  (10  molss)  of  diethylamine  in  3 liters  of  ether  were  placed  in 
the  refrigerator  in  separate  containers.  When  both  were  chilled  to  10°, 
the  2 , 3-di bromopropene  was  added  in  50  ml.  portions  at  one-hour  intervals, 
with  swirling,  to  the  ethereal  solution  of  diethylamine,  allowing  the 
containers  to  remain  in  the  refrigerator  between  additions.  After  the 
addition  of  the  first  portion  of  2 ,3-dibromopropene , there  was  formed  a 
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white  precipitate  of  diethyl  amine  hydrobromide  which  became  continuoua- 
ly  hoarier  throughout  the  course  of  the  additions.  When  the  addition 
of  2 ,3-dibromopropens  was  complete,  the  reaction  mats  van  removed  from 
the  refrigerator  end  allowed  to  come  to  room  temperature  hy  standing 
overnight.  The  diethyl  amine  hydrobromide  was  then  filtered  off.  The 
ether  was  removed  from  the  filtrate  by  evaporation  on  a steam  bath,  some 
further  precipitation  occurring  meanwhile.  After  the  ether  was  removed, 
the  residue  was  filtered  again,  and  the  filtrate  was  distilled  through  a 
Yigreux  column  under  reduced  pressure.  The  fraction  boiling  from  93-96° 
(corr.)/73  am.  0>.p.  54°/ 10  ns.]  was  collected.  The  yield  was  820  g., 
which  corresponded  to  8 5$  of  the  theoretical  amount,  based  upon  the  2,3- 


dibroaopr opens  used. 


Synthesis  of  l^Apropylamino-2-bromopropene-2 
2 ♦ Br-OU-CrCJU  “ 


°3H7\ 

3 7^H-CH2-f«C!H2  ♦ 

°^7  Br 


« 


Br" 


A solution  of  1012  g.  (10  moles)  of  dipropylamine  in  2 liters  of 
ether  v*s  placed  in  a 5-liter  flask.  One  thousand  grams  (5  moles)  of  2,3- 
dibromopropeae  were  added  in  50  ml.  portions,  with  swirling,  at  thirty- 
minute  intervale  to  the  ethereal  solution  of  the  amine.  The  reaction 
flaak  was  chilled  in  an  ico  bath  whenever  necessary  to  prevent  boiling  of 
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the  eolation.  When  the  addition  of  2 ,3-dibromopropene  was  complete,  the 
reaction  mass  vet  allowed  to  stand  at  room  temperature  for  twelve  hours. 
The  precipitated  dip  ropyl  amine  hydro  “bromide  was  filtered  off.  The  fil- 
trate was  placed  on  a steam  hath  and  toe  ether  was  slowly  removed  by 
evaporation,  some  further  precipitation  of  dipropylamine  hydrobromide 
occurring  meanwhile.  When  the  ether  had  been  essentially  removed,  the 
eolution  was  again  filtered,  and  the  filtrate  was  dried  over  solid  sodium 
hydroxide.  Fractionation  of  this  material  yielded  920  g.  of  1-dlpropyl- 
amino-2-bromopropene-2  boiling  from  80-82°  (corr.)/lO  mm.  This  yield 
corresponded  to  8#  of  the  theoretical  amount,  based  upon  the  2 ,3- 
dibromopropene  used. 


[Due  to  the  sterle  effect  of  the  two  isopropyl  groups  on  the  nitro- 
gen atom,  it  was  found  necessary  to  impost  considerably  mors  strenuous 
conditions  in  carrying  out  this  reaction.!! 

Twelve  hundred  and  ten  grams  (10  moles)  of  di isopropyl  amine  and 
600  g.  (3  moles)  of  2 ,3-dibromopropene  vers  nixed  in  a 3-liter,  3-necked, 
round-bottomed  flask  equipped  with  a stirrer,  reflux  condenser,  and  elec- 
tric heating  mantle.  While  stirring,  gentle  refluxing  was  maintained  for 


sgn&eait  a t 


(iso)  C3H- 

2 + Br-CH^CsOf 


(iso)  Cjirf 
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at  period  of  fix  hours.  Zt  was  then  necessary  to  discontinue  stirring 
and  heating  and  to  filter  the  eontents  of  the  flask  to  remove  the  precipi- 
tated di  isopropyl amine  hydrohroaide.  The  precipitate  was  washed  with  a 
minimum  amount  of  diisopropylamine  ( and  the  filtrate  and  washings  were 
returned  to  the  reaction  flask.  Stirring  and  refluxing  were  resumed 

f 

and  continued  for  an  additional  period  of  forty-eight  hours.  The  con- 
tents of  the  flask  were  then  filtered,  and  the  filtrate  was  distilled. 

The  excess  of  di  isopropyl  amine  was  removed  at  atmospheric  pressure  until 
the  temperature  In  the  pot  reached  125° • The  distillation  was  than 
continued  under  reduced  pressure,  collecting  the  fraction  boiling  from 
75-77*5°  (corr.)/lO  am.  Shis  fraction  weighed  468  g. , corresponding  to 
71$  of  the  theoretical  amount,  based  upon  the  amount  of  2 ,3-dibromopropene 
used. 


N-CHg-  CrCHp 
Br 


♦ 


yj'  xh 


One  thousand  and  thirty-two  grams  (8  moles)  of  dibutylamine 
were  dissolved  in  2 liters  of  ether  in  a 5-liter  flask.  Eight  hundred 

grans  (4  moles)  of  2 ,3-dibrojMfropane  were  added  In  50  ml.  portions, 

* ( 

with  swirling,  over  a period  of  three  hours.  The  reaction  mass  was  then 


12 


allowed  to  stand  at  room  temperature  for  twenty-four  hours.  The  precipi- 
tated dibutylamine  hydrohromide  was  filtered  off  and  washed  with  ether, 
combining  the  washing  with  the  original  filtrate.  The  ether  was  removed 
from  the  filtrate  by  heating  on  a steam  hath,  and  the  residue  was  filter- 
ed again.  This  filtrate  was  distilled  tinder  reduced  pressure,  collect- 
ing the  fraction  boiling  fro*  107-110°  (corr.)/l0  as.  [ b.p.  80-82® 
(corr.)/2  an.] . This  fraction  weighed  760  g. , corresponding  to  77$  of 
the  theoretical  amount , hated  upon,  the  2 , 3-di hrono  p ropene  used. 


Syafeftl.lfl  q£  1^5thrlan,lno-2-hroaopropenc-2 


2 CpH^— IIHg  + Br-CHg— QsCBg  •*  CgHjj— !?— CH^—  GzCKg  + 

Br  H Br 


H 


Nl 


Br 


Nine  hundred  milliliters  (about  10  molee)  of  commercial  70$ 
ethylsmine  solution  were  placed  in  a 3-liter  flask.  Six  hundred  grams 
(3  moles)  of  2,3-dlhrasopropene  were  added  in  50  ml.  portions,  with  swirl- 
ing, over  a period  of  two  hours.  The  flask  was  chilled  in  an  ice  hath 
whenever  necessary  to  prevent  boiling  of  the  solution.  Vhen  the  addition 
of  2,3-dibromopropene  was  complete,  the  mixture  was  boiled  gently  on  a 
hot  plate  in  the  hood  for  twenty  minutes.  Solid  sodium  hydroxide  was  then 
cautiously  added  into  the  flask,  shaking  vigorously  after  each  addition, 
until  separation  of  the  mixture  into  two  layers  occurred . The  upper, 
organic  layer  was  removed,  dried  over  solid  sodium  hydroxide,  and  distilled 
rapidly  throu^i  a Vigreux  column,  collecting  the  fraction  boiling  from  148- 
153°.  This  fraction  weighed  350  g. , corresponding  to  71$  of  the  theoretical 


amount,  based  upon  the  2,3-dibromopropene  used. 
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§aa&ggJL&  si 

2 (iso)  C^H-p-HHg  ♦ Br-CHg-CsCHg  — * 

Br 


H 


(iso)  C^H-dLj-CsCHg  + 
Br 


[ 


<uo) 


,+ 


B 

X, 

H XH 


Br 


A solution  of  400  g.  (6.8  moles)  of  isopropylaaine  in  1.5  liters 
of  ether  was  placsd  in  a 3-liter  flask.  Four  hundred  grams  (2  moles)  of 
2 ,3-di’bromopropene  vers  added  in  50  ml.  portions,  with  swirling,  over  a 
period  of  three  hours.  Che  flask  was  chilled  in  an  ice  hath  whenever 
necessary  to  prevent  boiling  of  the  solution.  When  the  addition  of  2 J- 
dibronopropene  was  complete , the  flask  was  stoppered  and  allowed  to  stand 
at  room  temperature  for  forty-eight  hours.  The  precipitated  isopropylamine 
hydrobroalde  was  then  filtered  off.  The  filtrate  was  heated  on  a steam 
bath  until  the  ether  was  removed,  dried  over  solid  sodium  hydroxide,  and 
distilled  under  reduced  pressure.  The  fraction  boiling  from  64-67°/ 27  as. 
was  collected.  This  fraction  weighed  242  g. , corresponding  to  68$S  of  the 
theoretical  amount,  based  upon  the  amount  of  2 ,3-dibrosaopropene  used. 

The  compound  may  be  purified  by  rapid  distillation  through  a 
Yigreux  eoluan  at  atmospheric  pressure,  b.p.  158-160°,  but  this  results 
in  lower  yields  due  to  extensive  decomposition  in  the  pot. 
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Synthesis  of  1 -n-T^. tyl ml r;  o-2-bronoprop  ene  - ? 

2 ♦ Bn— ClL>j— OilGILj  

B r 

♦ 

ar 

Seven  hundred  and  fifty  t;raa*  (10.3  moles)  of  n-butylanine  were 
die solved  in  2 liters  of  ether  In  a 5-1 Iter  flask.  One  thousand  grans 
(5  moles)  of  2,3-dibromopropene  wore  added  in  50  ad.  portion*,  with  swirl- 
ing, over  a period  of  three  hours.  The  flask  was  cooled  in  an  ice  hath 
whenever  necessary  to  prevent  boiling  of  the  solution.  When  the  addition 
of  2 ,3-dibromopropene  was  complete , the  mixture  was  allowed  to  stand  at 
roes  temperature  for  twenty-four  hours.  The  reaction  mixture  thus  obtain- 
ed was  in  two  phases.  About  1 liter  of  water  was  added  into  the  flask, 
and  the  mixture  was  shaken  vigorously  to  dissolve  all  the  twbutylaadne 
hydro brom ids  present.  The  layers  were  then  separated,  and  the  ether  layer 
was  dried  over  solid  sodium  hydroxide.  The  ether  was  removed  by  heating 
on  a steam  bath,  and  the  residue  was  distilled  under  reduced  pressure, 
collecting  the  portion  boiling  from  71-73°  (eorr.)/lO  non.  The  yield  of 
l-n-butylaadno-2-branopropene-2  was  715  g. , corresponding  to  74.3$  of 
the  theoretical  amount,  based  upon  the  2 ,3-dibromopropene  used. 


CjjJip-lk-OTj-teCEL,  + 
B Br 


H' 
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Synthoela  of  l-HopylrJttino>2..broiaQpy>p<a»-2 


2^19-^  ♦ 


BivCHg-CrCH^ 

Br 


E B r 


A solution  of  450  g.  <3.14  moles)  of  nonylaadne  In  750  ml.  of 

"r  • * 

eth«  was  placed  in  a 3-liter  flask  and  heated  on  a steam  hath  Just  to 
the  boiling  point.  The  flask  was  then  remowed  from  the  steam  bath,  and 
300  g.  (1.5  moles)  of  2 ,3-dibromopropane  were  added  in  small  portions, 
with  swirling,  a*  such  a rate  that  gentle  tolling  was  Just  maintained. 
When  the  addition  was  complete,  the  solution  was  placed  on  a stems  bath 
and  the  ether  slowly  removed  by  evaporation.  When  the  ether  was  removed, 
the  remaining  solution  was  shaken  vigorously  with  500  ml.  of  saturated 
sodium  hydroxide  solution.  The  amine  layer  was  removed,  dried  over  solid 
sodium  hydroxide,  and  dletlUed  under  reduced  pres  pure.  Distillation 
yielded,  after  the  nonylamlne  fraction  had  bean  removed,  176  g.  of  1- 
nonylaaino-2-bromopropene-2,  boiling  from  91-93®  (eorr.)/l.4  mm.  This 
yield  corresponded  to  b$p  of  the  theoretical  amount,  bated  upon  the  2,3- 
dihromopropene  need.  A considerable  amount  of  unidentified  higher- 
boiling materiel  remained  in  the  pot. 
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SmSMtAff,  2 l gJ 


2 C^H^-K-CH^-CZCHg  ♦ Br-CE^-pCI^ 
H Br  Br 


Br 


C^-H: 


^CHjj-CaCHg 
^CHg-OsO^ 
Br 


• ■•  Br 

/B 

CJl/V 

T9 


H 


fix'* 


Six  hundred  and  seventy  grans  (3.5  moles)  of  l-n-butylsmino-2- 
bromopropene-2  sad  250  nl.  of  toluene  vers  nixed  in  a 3- liter,  3-necked, 
round-bo t toned  flask  equipped  with  a stirrer,  dropping  funnel,  and  re- 
flux condenser.  The  contents  of  the  flask  vere  heated  to  about  70°  with 
an  electric  heating  mantle,  and  heating  was  then  discontinued.  Over  a 
period  of  one  hour,  300  g.  (1.5  moles)  of  2,3-dibromopropene  vere  added 
into  the  flack  through  the  dropping  funnel.  On  cosmic tlon  of  this 
addition,  heating  was  resumed ; and  the  contents  of  the  flack  vere  main- 
tained at  about  100°  for  two  hours.  Into  the  flask  vere  then  added  500  ml. 
of  saturated  sodium  hydroxide  solution,  stirring  vigorously  to  insure 
couple te  decomposition  of  the  amine  hydrobromide  which  had  formed.  The 
amine  layer  was  separated , dried  over  solid  sodium  hydroxide,  and  dis- 
tilled under  reduced  pressure.  A fraction  consisting  of  322  g.  of  1-n- 
hi^la»ino-2-bromopropena-2  was  collected  from  73-?h°(corr.)/l0  emu  The 
pressure  was  then  reduced  further,  and  the  distillation  was  continued, 
collecting  the  distillate  as  rapidly  as  possible  to  minimise  losses  due 
to  decomposition  occurring  in  the  pot.  A fraction  of  315  g.  of  K.JUbis- 
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( 2-broao- 3-prop«ayl ) -n-butylaaine  was  collected  fro*  95-99°  (corr. )/l.3 
n,  This  yield  corresponded  to  67$  of  the  theoretical  amount,  based 
upon  the  2 ,3-dibroaopropene  used. 


CHAPTER  III 


GKD3UL  PROCEDUBBS  FOLLOWS)  Iff  CARRYING  OTJT  RXAOTIOHS  Iff  LIQUID  ANHORIA, 
INCLUDIBQ  THE  FBBPABATIGB  03?  SODIUM  AMIDE 

Although  touch  research  has  hem  carried  oat  in  the  past  involving 
reactions  in  liquid  rnmonia,  most  frequently  the  procedures  described 
required  special  equipment  which  is  not  normally  found  in  on  organic 
laboratory.  The  reactions  described  in  this  dissertation,  on  the  other 
hand,  hare  been  carried  out  using  equipment  which  usually  is  readily 
available.  This  chapter  Is  Included  in  the  dissertation  in  order  to 
present  detailed  information  which  should  be  helpful  in  making  duplica- 
tion of  results  less  difficult. 

The  liquid  ammonia  used  in  these  reactions  was  drawn  from  a 
cylinder  into  a filter  Dewar  flask  with  a long,  narrow  neck.  Liquid 
ammonia  has  been  stored  in  this  flask  for  days,  when  necessary,  without 
undue  lose,  and  the  narrow  neck  facilitated  pouring  the  ammonia. 

The  reactions  were  carried  out  in  an  ordinary  3-liter,  3-necked , 
round-bottomed  fyrsx  flask.  A stirrer  with  glass  or  stainless  steel 
blades  was  mounted  through  the  center  neck  of  the  flask.  It  was  necessary 
to  use  a very  efficient  stirrer,  since  the  reaction  mass  became  heavy  at 
times  due  to  precipitation  of  salts.  A mercury-sealed  stirrer  was  not 
used,  since  the  reactions  were  carried  out  la  the  hood  and  sinoe  the  lots 
of  amnoaia  was  unimportant.  A second  neck  was  used  for  additions,  and  in 
the  third  neck  of  the  flask  was  mounted  a reflux  condenser.  No  water  was 
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passed  through  this  condenser,  and  It  served  only  as  a safety  tube. 

The  reactions  became  very  rigorous  at  tines , and  the  contents  of  the  flask 
sometimes  boiled  np  into  the  condenser. 

Most  previous  investigators  who  hare  need  liquid  ammonia  ae  a 
solvent  hare  reported  the  use  of  special  equipment  for  condensing  the 
escaping  ammonia  and  rs turning  it  to  the  flask,  often  using  dry  lee  and 
acetone  reflux  condensers  of  block  tin.  This  also  preranted  the  lose  of 
reaction  products  which  were  otherwise  carried  off  with  the  escaping 
ammonia.  Although  loss  of  product  night  occur  in  this  manner  in  the  prepar- 
ation of  the  very  volatile  acetylenic  hydrocarbons , the  amines  described 
in  this  dissertation  were  sufficiently  high»boiling  that  this  loss  was 
proved  negligible.  A comparison  of  the  cost  of  liquid  ammonia  with  that 
of  dry  ice  end  of  the  relative  amounts  used  revealed  that  there  was  very 
little  difference  in  cost  between  replacing  the  ammonia  which  evaporated 
and  condensing  the  ammonia  with  a dry  lee  end  acetone  reflux  condenser  and 
returning  it  to  the  flask. 

Other  investigators  have  also  reported  the  strict  maintenance  of 
anhydrous  conditions  by  attaching  a sodr-liae  tube  to  the  outlet  from  the 
flask  and  by  using  a gas-tight  stirrer.  In  the  reactions  described  in  this 
dissertation,  the  ammonia  was  allowed  to  escape  throughout  the  reaction, 
and  this  escaping  ammonia  prevented  the  entrance  of  harmful  quantities 
of  moleture  into  the  flask. 

The  sodium  amide  used  in  these  reactions  was  prepared  in  the  re- 
action flask  immediately  prior  to  its  use  by  the  method  of  Vaughn,  Vogt, 
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and  Hieuvland.  r They  showed  that  sodium  amide  prepared  in  this  manner 
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was  considerably  more  soluble  in  liquid  ammonia  than  the  commercial  product 
than  available  and  was  formed  in  a finely  divided  state  which  made  it 
ideally  suited  for  reaction.  There  has  been  placed  on  the  market  very 
recently  a "free-flowing”  sodium  amide,  advertised  as  a fine,  white  powder, 
which  might  be  suitable  for  use,  although  it  has  not  been  used  in  these 
laboratories. 

Xn  general,  it  has  been  found  advantageous  to  use  a large  excess 
of  sodium  amide  in  the  dehydrohalogeaations  leading  to  the  tertiaxy 
acetylenic  amines,  because  of  the  formation  of  the  sodium  acetylides. 

Such  an  excess,  however,  definitely  decreases  the  yield*  in  the  dehydro- 
halogenatlons  leading  to  aldimines , and  in  the  coupling  reactions  of 
alkyl  halides  with  the  sodium  acetylides  of  acetylenic  amines.  The  data 
supporting  these  statements  are  found  in  Table  I. 


Table  x 


ESJECT  Off  VARIOUS  EXCESSES  Off  SODIUM  AMISS  C*  FKRCEBTAOX 
YIELDS  IH  SEVERAL  EXACT IOE8  IB  LIQUID  AKMOBIA 


Reaction 

Moles  of 
Sodium  Amide 
per  Mole  of 
Other  Reactant 

Percentage 

Yield 

Compound  Reacted 
with  Sodium  Amide 

1.  Synthesis  of  1- 

1 -di  e thylamino-  2- 

1.1 

62 

diethylcjd.no- 

bromopropene-2 

2.0 

70 

propyne-2 

2.3 

82.5 

2.  Synthesis  of  B- 

1-n- butyl amino-?- 

1.1* 

77 

2-propenylldene- 

bromopropene-2 

1.3 

72 

n-butyljJBine 

2.3 

53 

3*  Synthesis  of  1- 

1-diethylo.mino- 

2.35 

i * 

diethyl amino- 

propyae-^ 

1.06 

66 

Pe«tjno-2 

r 

*Prior  to  addition  of  ethyl  bromide. 
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for  highest  yields,  it  is  suggested  that  a ratio  of  2.3  soles 
of  b odium  amide  he  used  for  each  mole  of  tertiary  halo-alfeenylaminc  in 
the  dehydro halogenation  to  produce  the  triple  bond;  that  a ratio  of  1.1 
moles  of  sodium  amide  be  need  for  eadh  mole  of  secondary  h&lo-alkeaylasdns 
in  the  dehydroha  logematlon  to  produce  the  H-substituted  2-propenyl ldenlm- 
ines;  and  that  a ratio  of  1.1  moles  of  sodium  amide  be  used  for  each  mole 
of  dialkylamino-aliyiie  in  producing  sodium  acetyl  ides  for  coupling  reac- 
tions. These  proportions  hart  not  been  followed  throughout  this  project, 
since  they  were  established  as  a result  of  this  research.  Many  of  the 
yields  obtained  could  undoubtedly  be  improved  by  adoption  of  these  ratios 
in  the  reactions. 

Zn  commencing  a reaction,  the  reaction  Hash  was  half-filled 
with  liquid  ammonia.  A powder  funnel  was  used  for  the  introduction  of 
the  ammonia  since  it  was  necessary  that  the  funnel  hare  a short,  large- 
bore  stem.  Stirring  was  started  and  about  one-half  gram  of  crystalline 
ferric  nitrate  was  added  into  the  flash,  imparting  an  orange  color  to  the 
liquid  ammonia  when  dissolved.  The  desired  amount  of  metallic  sodium  wae 
weighed  under  xylene,  sliced  into  small,  thin  pieces,  and  replaced  under 
xylene  until  addition  into  the  ammonia.  One  or  two  small  pieces  of  sodium 
were  added  into  the  flask  and  stirring  vac  continued  without  further 
addition  of  sodium  until  the  disappearance  of  the  blue  color.  Taugm, 
Vogt,  and  Nieovland  reeoaaended  the  passing  of  dry  air  through  the 
solution  during  this  period,  bat  this  was  dispensed  with  in  these  reac- 
tions. The  air  already  in  the  flask  apparently  was  sufficient  to  provide 
the  oxygen  necessary  for  the  formation  of  the  sodium  oxide  ihieh,  with  the 
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ferric  salt,  catalyses  the  formation  of  sodium  aside.  The  remaining 
sodium  was  then  added,  two  or  three  pieces  at  a time,  at  intervals 
sufficient  to  prevent  a too  vigorous  reaction.  Wien  the  sodium  vae 
added  too  rapidly,  there  was  considerable  splattering  within  the  flask 
which  left  a mirror  of  metallic  sodium  on  the  wells  of  the  flask  above 
the  solution » Wien  the  addition  of  sodium  was  complete , stirring  was 
continued  for  fifteen  minutes  after  the  last  disappearance  of  the  blue 
color.  Liquid  ammonia  was  then  added  into  the  flask  to  replace  that 
which  had  evaporated  and  to  bring  up  the  total  volume  to  about  2 liters. 
The  solution  was  stirred  unusually  vigorously  for  a moment  to  wash  down 
any  metallic  sodium  adhering  to  the  walls  of  the  flask.  The  sodium 
amide  in  liquid  ammonia  was  then  ready  for  addition  of  the  reactant. 

A dropping  funnel  for  this  addition  was  mounted  in  that  neck  of 
the  flask  which  had  been  used  for  the  addition  of  the  sodium.  Zt  was 
usually  found  necessary  to  add  halogen  compounds  into  the  reaction  mass 
very  slowly,  while  the  acetylenic  amines  could  be  added  rather  rapidly. 

Throughout  the  earlier  stages  of  the  reaction,  the  total  volume 
wall  maintained  between  one  and  one-half  and  two  liters,  adding  liquid 
ammonia  whenever  necessary.  The  rate  of  evaporation  of  liquid 
was  relatively  hi£i  during  the  preparation  of  the  sodium  and  during 

the  initial  reaction  period,  but  it  was  quite  low  during  the  later  portion 
of  the  reaction  period.  Since  it  w as  desirable  to  have  a minimum  volume 
of  liquid  ammonia  remaining  in  the  flask  at  the  end  of  the  reaction  period, 
further  additions  of  ammonia  were  discontinued  at  such  a time  that  there 
would  be  remaining  a total  volume  of  about  750  ml,  at  the  end  of  the 
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reaction  period.  It  was  usually  found  that  If  the  total  volume  vere 
brought  up  to  two  liter*  five  hour*  "before  the  end  of  the  reaction 
period  and  no  further  addition*  of  ammonia  nade,  the  total  volume  would 
he  about  750  ml.  at  the  end  of  the  reaetion  period. 

During  the  reaction,  observation  of  the  contents  of  the  flask  va* 
hindered  by  formation  of  a heavy  coating  of  froet  on  the  outside  of  the 
flask  duo  to  condensation  of  atmospheric  moisture.  This  ineonveaiene# 
was  overcome  by  pouring  a few  drops  of  alcohol  on  the  outside  wall  of 
the  flask  to  form  a nail  window  for  the  purpose  of  observation. 

When  the  reaction  period  was  complete  and  the  total  volume  had 
decreased  to  about  750  ml.,  600  ml.  of  water  and  then  600  ml.  of  ether  were 
added  very  cautiously  into  the  flask  with  stirring.  These  were  not  added 
until  the  volume  had  decreased  to  the  proper  level,  whether  the  reaetion 
time  was  exceeded  or  not.  When  the  ice  had  melted  from  the  flask,  its 
contents  were  filtered  to  remove  the  very  small  amount  of  iron  which  was 
present  and  to  assist  in  breaking  up  the  water-ether  emulsion.  The  layers 
were  separated,  and  the  water  layer  was  discarded.  The  ether  layer  was 
dried  over  solid  sodium  hydroxide,  filtered,  and  heated  on  a steam  bath 
to  remove  the  ether.  The  residue  from  the  ether  layer  was  then  fraction- 
ated, often  under  reduced  pressure. 

* 

The  acetylenic  amines  have  been  Isolated  from  the  ether  layer  "by- 
extraction  with  dilute  hydrochloric  rcid.  The  acid  solution  was  then 
mad*  strongly  basic  by  the  addition  of  a large  excess  of  saturated  sodium 
hydroxide  solution,  causing  the  separation  of  an  upper,  water- insoluble 
layer.  This  layer  was  removed  and  dried  over  solid  sodium  hydroxide  prior 
to  distillation.  This  method  of  isolation  is  less  satisfactory  for  the 


acetylenic  amines  than  the  one  described  above,  however,  from  the  stand- 
points of  yields  obtained  and  simplicity.  Moreover,  the  use  of  this 
method  is  Impossible  for  the  Isolation  of  the  aldiadnes,  due  to  the 
ease  with  which  thsy  are  hydrolysed  in  acid  solution. 

If  desired,  the  dehydrohalogenation  of  the  halo-altesnylasdnee  to 
produce  the  acetylenic  aslnes  and  the  coupling  of  the  sodiua  acetylide 
of  these  amines  with  an  alkyl  halide  may  be  carried  out  without  isolation 
of  the  acetylenic  amines.  In  this  event,  the  alkyl  halide  is  added  into 
the  flask  after  oor^letion  of  the  reaction  period  for  the  dehydrohalogim- 
ation,  and  stirring  is  continued  for  the  proper  period  for  the  coupling 
reaction.  This  method  is  illustrated  in  the  synthesis  of  1-diethylamino- 
heptyne-2  described  in  Chapter  IT. 


CHAPTER  rr 


SYNTHESIS  CP  TUBTIAHT  HONO-ACETYIENIC  AMINES 

^ B-CEU-CfeCTg  ♦ 2 BaBU  — * 

WT  ir 

°2%\ 

'^S-CHjj-CSC-Sa  + SaBr  ♦ 2 HHo 

C2H5 

Fifty- three  £rao*  (2.3  moles)  of  metallic  sodium  were  converted 
into  sodium  iuaide  in  liquid  aanonin,  cad  the  resulting  sodium  acids  was 
reacted  with  192  g.  (l  mole)  of  l^iethylwnino-2-hro*»propene-2  for  a 
period  of  ei$it  hours  in  liquid  ammonia*  The  isolation  was  carried  out 
as  previously  described. 

Fractionation  yielded  91.5  6.  1-diethyl  aaaino-propync-2 , boil- 

ing from  120-121° (corr.)*  This  yield  corresponded  to  82 #5$  of  the  theoreti- 
cal amount , based  upon  the  1-diethylamino-?— bromopropene-2  used. 

The  following  physical  constants  and  analytical  data  were  determined 
for  this  compound! 

B.p.  120-121°  (corr.) 

1.429 6 

0.8042 

Theoretical,  36. 46  j found,  36. 10 
*.  t Theoretical,  12.60J  found,  12.29 

This  compound  has  been  previously  reported  in  the  literature,6  but 
has  not  been  prepared  in  this  manner  previously. 

a 5 
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§aaSy.g.M. 


w2°5 


+ Sal 


Twenty  gram  (0.8?  mole)  of  metallic  sodium  ware  converted  Into 
sodium  amide  in  liquid  orroonia , and  the  restating  sodium  amide  was  react- 
ed in  liquid  ammonia  for  one  hour  with  89  g.  (0.8  mole)  of  1-diethylamlno- 
propyne-2.  One  hundred  and  twenty-four  grams  (0.8?  mole)  of  methyl 
iodide  were  then  added  into  the  flask,  the  addition  requiring  about  two 
hours.  Stirring  was  continued  for  a period  of  fire  hours  after  the  comple- 
tion of  the  addition.  The  isolation  of  the  product  was  carried  out  as 
previously  described. 

fractionation  yielded  73  £•  of  l-diethylamino-butyne-2 , boiling 
from  152. 5-153°  (corr.).  This  corresponded  to  TJfh  of  the  theoretical 
amount  t based  upon  the  l-diethylamino-propyne-2  used. 

The  following  physical  constants  and  analytical  data  wars 
determined  for  this  compounds 


1.  + 


152.5-153°  (corr.) 

1.4413 

0.8075 

Theoretical,  41. 08s  found,  40.97 
Theoretical,  11.19s  found,  11.19 
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SyathMU  of  l-hlethy  h?jninp-p entyne^j> 


S****  * 


C^^H-(»r<5C-CH2-CH3 

•A 


4-  NaBr 


Thirty  gnaw  (1.3  moles)  of  metallic  sodium  wore  converted  into 
* odium  amide  in  liquid  ammonia,  end  the  resulting  sodium  amide  was  re- 
acted for  one  hour  in  liquid  ammonia  with  111  g.  (1  mole)  of  1-diethyl- 
aaino-propyne-2.  One  hundred  and  forty-two  grams  (1.3  moles)  of  ethyl 
bromide  were  added  into  the  flask,  and  stirring  was  continued  for  a period 
of  eight  hours  after  the  completion  of  the  addition.  The  isolation  of  the 
product  was  carried  out  as  previously  described. 

Fractionation  yielded  82  g.  of  l-dlethylamlno-peatyne-2,  boiling 
from  168.4-169.9°  (eorr.).  This  yield  corresponded  to  59$  of  the  theo- 
retical amount,  based  upon  the  l-diethylrmino-propyne-2  used. 

The  following  physical  constants  and  analytical  data  were  determin- 
ed for  this  compound: 

B.p.  168.4-169.9®  (eorr.) 

u**  l.Wf02 

Dj5  0.8029 

Theoretical,  45. 70;  found,  45.72 
K,  % Theoretical,  10. 06;  found,  10.11 
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Twenty-fir®  gran*  <1.09  moles)  of  metallic  sodium  were  converted 
into  sodium  amide  in  liquid  ammonia,  and  the  resulting  sodium  amide  vat 
reacted  in  liquid  ammonia  for  one  hour  with  85  g,  (0.765  no  Is)  of  1- 
diethylomino-propyne-2 . Stirring  was  continued  for  a period  of  nine 


was  carried  out  ae  previously  described. 

Fractionation  yielded  85  g.  of  l-dlethylamino-hexyne-2 , boiling 
from  187.4-188.4®  (oorr.).  This  yield  corresponded  to  72.5$  of  the 
theoretical  amount , based  upon  the  l-diethylamino-propyne-2  used. 

The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  confound: 


hours  after  the  addition  was  complete.  The  isolation  of  the  product 


».  * 


•9 

* 


B.p. 


187.4-188.4®  (corr.) 

1.4431 

0.8058 

Theoretical,  50.33;  f«*ad,  50.44 
Theoretical,  9.14|  found,  9.02 
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Synthesis  of  1-D le thy liUBlno-hBx-5-en-2-yns 


JBBtL  °^5^>-CH2-C=C-*a 

<¥*5  By  <¥*5 


Br-O^CHrqfe 


<¥*5\  ' __ 

<¥*5 


£lt  was  found  necessary  to  carry  out  this  reaction  in  a solvent 
other  than  liquid  ammonia,  since  the  reaction  did  not  proceed  in  liquid 

aaetonia  to  yield  the  desired  product.  This  hears  out  the  work  of  other 

% 

investigators  who  have  found  that  the  reaction  of  allyl  halides  with  so- 
dium acetyl  ides  in  liquid  ammonia  yieldsd  anomalous  products.2®  ] 

e 

One  hundred  and  forty-four  grams  (6.25  moles)  of  metallic  sodium 
vers  converted  into  sodium  amide  In  liquid  ammonia  in  a 3-liter,  3-necked, 

round- hot  toned  flask  equipped  with  a stirrer,  dropping  funnel,  and  reflux 

« 

condenser.  When  the  conversion  was  complete,  1.5  liters  of  xylene  vers 
added  into  the  flask  as  the  ammonia  evaporated.  When  the  ice  had  melted 
from  the  flask,  the  contents  were  heated  with  an  electric  heating  mantle 

until  gentle  refluxing  began.  Through  the  dropping  funnel,  384  g.  (2.0 

* 

moles)  of  l-diethylamino-2-hromopropene-2  vers  added  into  the  flask. 
Refluxing  was  continued  for  a period  of  five  hours  after  completion  of 
this  addition.  The  contents  of  the  flask  vers  then  cooled  somevhat  to 
permit  the  addition  of  allyl  bromide.  Five  hundred  grams  (4.13  moles) 
of  allyl  bromide  vers  then  added  into  the  flask  at  such  a rate  that  pentls 
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refluxing  was  maintained  without  external  heating.  After  the  addition, 
heating  va*  resumed:  and  refluxing  vae  continued  for  a period  of  two 
hours.  The  reaction  mass  was  then  poured  over  2 kg.  of  cracked  ice, 
and  the  entire  Bass  was  stirred  rigorously.  The  upper,  organic  layer 
wa#  removed  and  extracted  twice  with  500  ml.  portions  of  dilute  hydro- 
chloric acid,  each  portion  containing  2 moles  of  hydrogen  chloride. 

These  hydrochloric  acid  extracts  were  combined  and  made  strongly  basic 
by  the  addition  of  an  excess  of  saturated  sodium  hydroxide  solution, 
causing  the  separation  of  on  upper,  water-insoluble  layer.  This  layer 
Was  re3?ioved,  dried  over  solid  sodium  hydroxide,  and  fractionated  under 
reduced  pressure,  collecting  the  fraction  boiling  from  52-53®  (eorr.)/ll 
m.  This  fraction  weighted  99  g. , corresponding  to  3Jf>  of  the  theoretical 
amount,  based  upon  the  l-dlethylasino-2-bromopropene-2  used. 

The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  compound: 


52-53°  (corr.)/U  am. 


0.8085 


1.4452 


Theoretical,  49.85*  found,  49.81 


»,  t 


Theoretical,  9.26*  found,  9,20 
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Syntheses 


CgHe 

^^*-GH2-(SC-S»  ♦ C ifyBr 


«^x 

^S-GH2-C=C-.CSJrCEjr0Br.CR3  4-  HaBr 
C0H5 


(A)  Synthesis  from  1-d io  thyl  amino-propyne-2  i 

t 

Seventeen  end  ons-h&lf  gram  (0,76  mole)  of  metallic  sodium  were 
converted  into  aodlum  amid#  in  liquid  ammonia,  and  the  resulting  9 odium 
amide  was  reacted  for  one  hour  in  liquid  ammonia  with  60  g.  (0.54  sole) 
of  l-diethylaaino-propyno-2.  One  hundred  and  four  grams  (0.?6  mole)  of 
n-txxtyl  bromide  were  then  added  into  the  flask,  and  stirring  was  continued 
for  a period  of  eight  hours  after  the  addition  was  complete.  The  isolation 
of  the  product  was  carried  out  ae  previously  described. 

Fractionation  yielded  54  g.  of  l-dlethylcJBino-heptyn©-2,  boiling 
fron  84-85°  (eorr.)/lO  mm.  This  yield  corresponded  to  60$  of  the  theoreti- 
cal amount,  based  upon  the  1-di ethyl amino-projyne-2  used. 


(B)  Synthesis  from  l-diethylsaino-2-bromopropene-2i 

Twenty-eight  grams  (1.22  moles)  of  metallic  sodium  were  converted 
into  sodium  amide  in  liquid  ammonia,  and  the  resulting  sodium  amide  was 
reacted  for  six  hours  with  96  g.  (0.5  mole)  of  1-dlethyl cMno-2-broaopro- 
pene-2.  At  the  end  of  this  reaction  period,  98  g.  (0.715  mole)  of  a-butyl 
bromide  were  added  into  the  flask,  and  stirring  was  continued  for  a period 


32 

of  *1*  hoar*  after  corslet  ion  of  thio  addition.  The  isolation  of  tho 
product  was  carried  out  aa  described  previously. 

fractionation  yielded  46  g.  of  l-diethylfmizu>-heptyne-2 , 1)011102 
from  84-85°  (corr.)/lO  an.  Thio  yield  corresponded  to  5#  of  the  theoreti- 
cal amount,  based  upon  the  l-diethylaMn0-2-bronopropene-2  used. 

The  following  physical  constants  and  analytical  data  were  determin- 
ed for  this  compound I 


B.p. 

8*1-85°  (eorr.)/lO  am. 

N 

1.4450 

0.8071 

*b 

Theoretical,  5^.94*  found,  55. 

».  * 

Theoretical,  8.37*  found,  8.31 

This  compound  has  been  previously  reported  in  the  literature, 
but  has  not  been  previously  prepared  in  thio  Banner. 

Synthesis  of  1-Pie thy  kmino-oetyne-£ 

jyk 

^B-CH^-CrC-Ba  + 0^nBr  — * 

C2®5 

CoH>  " " ” " 

w2**j  N. 

CHg— CH^— CH^— CHg— CH^  4-  ftaSr 

0^5 

Twenty-three  grams  (1  mole)  of  metallic  sodium  were  converted 
into  sodium  amide  in  liquid  ammonia,  and  the  resulting  amide  was  reacted 
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for  one  boor  with  85  g.  (O.765  mols)  of  l-diethylamino-propyne-2  la 
liquid  ammonia.  One  hundred  and  fifty-one  grans  (1  nole)  of  n-a*yl 
bromide  were  then  added  into  the  flask,  and  stirring  was  continued  for 
a period  of  ten  hours  after  the  completion  of  the  addition.  The  isola- 
tion of  the  product  was  carried  out  as  previously  described. 

Fractionation  yielded  91  g.  of  1-di ethylaadno-oetyne-2 , boiling 
at  100®  (corr.)/lO  sou  This  yield  corresponded  to  66f  of  the  theoretical 
mount , based  upon  the  1-die thylaaino-propyne-2  used. 

The  following  physical  constants  and  analytical  data  were  determin- 
ed for  this  compound 1 

B.p.  100®  (oo»r.)/lO  BBS. 

nf  1.4466 

og5  0.8097 

Xxsq  Theoretical,  59-55*  found,  59»78 

M,  Theoretical,  7-73*  found,  7.69 


(1..)  Cfy 

/S-CH2-CSCS 

tmw  & 


♦ 2 laSKg 


(Iso)  €387. 

f ^B-Gtlg-CSCJfe  4-  Mr  ♦ 2 *U 
(iso)  0387^  * “ 


Seventy  grams  (3.04  moles)  of  metallic  sodium  were  converted  into 
sodium  amide  in  liquid  ammonia,  and  the  resulting  sodium  amide  was  reacted 
for  a period  of  nine  hours  in  liquid  ammonia  with  290  g.  (1*32  moles)  of  L- 

d ii sopropy lrjaino-2-bronopr opene-2 . The  isolation  of  the  product  was  carried 


3* 


out  In  the  maimer  previously  described. 

Fractionation  yielded  149  g.  of  1-dl  isopropyl  amino-propyne-2 , 
boiling  from  152. 5-153°  (corr.).  This  yield  corresponded  to  81.5$  of 
the  theoretical  amount,  based  upon  the  l^ls«propylemino-2-bronopropene-2 
used* 

The  following  physical  constants  and  analytical  data  were  determin- 
ed for  this  compound: 


B.p. 

152*5-153°  (corr.) 

1.4385 

0.8017 

Theoretical,  45*70{  found, 

».  * 

Theoretical,  10.06 j found. 

Synthesis  of  l-Oiiflopropylr«ino«bttt3me-2 


(iso)  OjH^ 
(iso) 


(iso)  C 387 


(iso)  C3H7x 
(iso) 


^ CfeC— CH3 


Fifty-three  grams  (2*3  moles)  of  metallic  sodium  were  converted 
into  sodiun  amide  in  liquid  ammonia,  and  the  resultfeg  sodium  amide  was 
reacted  for  nine  hours  in  liquid  assaonia  with  220  g.  (1  mole)  of  1-dllso. 
propyleaino-2-bro»opropene-2.  One  hundred  and  eighty-five  grams  (1.3  moles) 


r 
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of  methyl  iodide  were  then  added  into  the  flask,  and  stirring  was  con- 
timed  for  a period  of  fire  hour*  after  completion  of  the  addition.  She 
isolation  of  the  product  was  carried  out  as  previously  described. 

fractionation  yielded  54  g.  of  1-di i sopropylamino-propyne-2 
(39#  yield  from  starting  product)  and  65  g.  of  l-diisopropylamino-tw.tyne-2 , 
boiling  from  64-65°  (corr.)/lO  s».  This  yield  corresponded  to  43#  of  the 
theoretical  amount , based  upon  the  l-diisopropyl&mino-2-broaopropene-2 
used. 

The  following  physical  constants  and  analytical  data  were  determined 

64-65°  (eorr.)/lO  ran. 

1.4462 
0.8209 

Theoretical,  50.32*  found,  49.97 
Theoretical,  9.14*  found,  9.03 

It  may  be  seen  from  the  result  of  the  fractionation  that  the 
introduction  of  the  triple  bond  proceeded  in  82#  yield  but  that  the 
coupling  of  methyl  iodide  should  have  been  allowed  more  time,  since 
it  proceeded  only  in  43#  yield. 


for  this  cozQKmnd* 

B.p. 

*» 

».  i 


Srothat-lf  of  1-Dll  sopropylamlno-psntyns^ 


(iso) 

(iso) 


T7^’&-CB2-C^CSb  + CgH^Br 

V*T 


(iso) 

M c 


B-CHg-CgC-C&g-Cno 


+ Na33r 


Fourteen  grans  (0.6l  mole)  of  netalllc  sodium  were  converted  Into 
sodium  amide  in  liquid  aaaonia,  and  the  resulting  sodium  amide  vat  re- 
acted for  one  hour  in  liquid  sxsaonia  with  80  g.  (0.575  w>le)  of  1-dllso- 
propyL'jaine-pro oyne-2 . Sixty-six  and  one-half  grans  (0.6l  sole)  of 
ethyl  ‘bromide  were  then  added  into  the  flask  and  stirring  was  continued 
for  a period  of  twelve  hours  after  the  completion  of  the  addition.  The 
isolation  of  the  product  was  carried  out  as  previously  described. 

Fractionation  yielded  6 5 £»  of  l-diisopropylnaino-pentyne-2 , 
boiling  from  75.5-76°  (eorr.)/l0  mm.  This  yield  corresponded  to  6856  of 
the  theoretical  amount , based  upon  the  l-diisopropylamino-propyne-2  used. 

The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  compound: 


B.p.  75*5-76°  (corr.)/10  mm. 

1.4*70 

D l5  0.81*6 

Nib  Theoretieal,  5*»9*;  found,  5*.  9* 

S,£  Theoretical,  8.37;  found,  8.38 


t 
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9^  ls^l-gog^pyleaiao»h»3y»r2 


(iso)  0^ 
(iso)  C3a7/ 


«* 

N-CHg-OgC-Ka  + C-jH^Br 


(iso)  MU 

„ * >I-CH2-«C-CH2-CH2-C^  ♦ Mr 

(Iso) 


Fourteen  grams  (0.61  sole)  of  Metallic  sodium  were  converted 
into  sodium  ran  ids  in  liquid  ammonia,  and  the  resulting  sodium 
was  reacted  for  one  hour  in  liquid  ammonia  with  80  g.  (0.575  mole)  of 
l-diisopropy lamino-propyne-2 . Seventy-five  grams  (0.61  mole)  of  n-propyl 
hromide  were  then  added  into  the  flask,  and  stirring  was  continued  for 
a period  of  twelve  hours  after  the  conpletion  of  the  addition.  The 
isolation  of  the  product  was  carried  out  in  the  manner  previously 
described. 

Fractionation  yielded  64.5  6*  of  l-diisopropylrmino-heayne-2, 
boiling  from  89-90°  (corr.)/l0  m,  This  yisld  corresponded  to  62*  of 
t:ie  ooretical  amount,  based  upon  the  l-dilsopropylamino-propyne-2 
used. 


The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  compound! 


B.p. 

89-90°  (corr.)/l0  mm. 

1.4490 

* 

0.8182 

“»D 

Theoretical,  59-558  found,  59,44 

*.  i 

Theoretical,  7.73;  found,  7.75 
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(i®0)  CjHy 


(iso)  C3^x 


(iso) 


+ NaBr 


Sixteen  and  six-tenths  grans  (0.72  sole)  of  metallic  Bedlam 
were  converted  into  sodium  amide  in  liquid  ammonia,  and  the  resulting 
sodium  aside  was  reacted  for  one  hour  in  liquid  ammonia  with  97*5  g. 
(0.7  sole)  of  l-diisopropylsaino-propyne-2.  Ninety-eight  and  one-half 
grans  (0.72  sole)  of  n- butyl  'bromide  were  then  added  into  the  flask, 
and  stirring  was  continued  for  a period  of  twelve  hours  after  the  con- 
pie  ti  on  of  the  addition.  The  isolation  of  the  product  was  carried  out 
as  previously  described. 

Fractions  tion  yielded  85  g.  of  l-dlltopropylamlno-heptyne-2, 
boiling  at  109°  (eorr.)/l0  no.  This  yield  corresponded  to  62jf  of  the 
theoretical  amount , based  upon  the  l-4iisopropyla3nino-propyno-2  used. 

The  following  physical  constant*  and  analytical  data  were  de- 
termined for  this  compound: 


103®(corr.)/l0  m. 


-f? 


0.8200 


1.4505 


Hrj) 
*.  * 


Theoretical,  64.17?  found,  64. 0? 
Theoretical,  7.17?  found,  7.27 


§ra£hg»i?.  o £ ^rg^?pgroyy^.^i^^zEg=2. 


(iso)  0;3H7n 
(i«o) 


B-CH^C^C-Ha  + C^£nar 


(iao)  CMU. 

(iw)  ♦ 


Sixteen  grans  (0.7  sole)  of  metallic  sodium  were  converted  Into 
sodium  aside  in  liquid  ammonia  , and  the  resulting  sodium  andde  was  re- 
acted for  one  hour  in  liquid  ammonia  with  <$9*5  g.  (0.5  mole)  of  1-dliso- 
p ropyl sBino-propyne- 2 . One  hundred  and  six  grass  (0.7  sole)  of  n-aayl 
bromide  were  then  added  into  the  flask,  and  stirring  was  continued  for 
a period  of  twelve  hours  after  the  conpletlon  of  the  addition.  The  iso- 
lation of  the  produet  was  carried  out  as  previously  described. 

fractionation  yielded  69  g.  of  l-411sopsepyleaiiw-ootyne-2t  boil- 
ing from  115. 5-116. 5°  (eorr.)/10  m.  This  yield  corresponded  to  66$  of  the 
theoretical  amount,  based  upon  the  1-dii sopropylaaino-propyne-2  used. 

The  following  physical  constants  and  analytical  data  wars  de- 
termined for  this  compound » 

B.p.  U5»5-U6.5°  (corr.)/10  sb. 

1-051J 

bJ5  0.8203 

Nib  Theoretioal,  66.79$  found,  68.79 

V,  $ Theoretioal,  6.69$  found,  6. 71 


Satthesis  of 


W 


Eighty  greas  (3.48  moles)  of  metallic  sodium  were  converted  into 
sodium  amide  in  liquid  ammonia,  and  the  resulting  sodium  amide  was  re- 
acted for  twelve  hours  in  liquid  ammonia  with  330  e*  (1.5  moles)  of  1- 


out  in  the  manner  previously  described. 

fractionation  yielded  169  g»  l-dipropylamino-propyne-2 , boll- 

ix from  157.5-158.5°  ( corr. ) . This  yield  corresponded  to  8356  of  the 
theoretical  amount,  based  upon  the  l-dipropylaalno-2-bromopropens-2  used. 

The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  compound: 


dipropyl8nlne-2-bremoj>ropene-2.  The  isolation  of  the  product  was  carried 


157.5-158.5°  (corr.) 

1.4325 

0.7986 

Theoretical,  45.70;  found,  45.26 
Theoretical,  10. 06;  found,  10. 09 


hi 

Saa&ggjj  of  lrm^ropylaalno,TMtyn»-2 

Mk 

/MU-CgC-Ia  + GH^X  — 

<=3®?  3 


Vfc, 


R-CSH2-CSC-CB3 


♦ 


Sal 


Sixteen  gram  (0.695  mole)  of  metal lio  sodium  were  converted 
into  sodium  snide  in  liquid  ammonia,  and  the  resulting  sodium  aside  was 
reacted  for  one  hour  in  liquid  ammonia  with  80  g.  (0.575  mole)  of  1- 
dipropylasdno-propyne-2.  Ninety-nine  grams  (0.695  sale)  of  methyl  iodide 
were  then  added  into  the  flask,  and  stirring  was  continued  for  twelve 
hours  after  the  completion  of  the  addition.  The  isolation  of  the  product 
was  carried  out  as  previously  described. 

Fractionation  yielded  71  g,  of  l-dipropyleaino-butyne-2 , boiling 
fron  70-70 .5°  (eorr.)/l0  mm.  This  yield  corresponded  to  81$  of  the 
theoretical  amount , based  upon  the  l-dipropyleaino-propyno-2  used. 

The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  compound! 

B.p.  70-70.5°  (oorr.)/l0  mm. 

l.**31 

Ejp  0.8090 

^ Theoretical,  50.321  found,  50.  a* 

*.  i Theoretical , 9.1h|  found,  9.09 
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§2Btoefl»  of  l^Pipropy lsmlno-pcntarne-z 


Sixteen  crane  (0.695  mole)  of  metallic  sodium  were  converted 
into  sodium  amide  in  liquid  rmonia,  and  the  resulting  sodium  amide 
was  reacted  for  one  hour  in  liquid  ammonia  with  80  g.  (0.575  mole)  of 
l-dipropylamino-propyne-2.  Seventy-six  grams  (0.695  nolo)  of  ethyl 
bromide  were  then  added  into  the  flask,  and  stirring  was  continued 
for  twelve  hours  after  the  completion  of  the  addition.  The  isolation 
of  the  product  was  carried  out  as  previously  described. 

fractionation  yielded  79  g.  of  l-dipropyl&mino-pentyne-2,  boil- 
ing from  8L-81.50  (corr.)/lO  mm.  This  yield  corresponded  to  82.5#  of 
the  theoretical  amount,  based  upon  the  l-dipropylamino-propyne-2  used. 

The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  compound: 


B.p. 


81-81.5°  (eorr.)/lO  mm. 

1.4423 

0.8040 

Theoretical,  54.94*  found,  55.09 
Theoretical,  8.37*  found,  8.42 
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Synthesis  of  l^iBropyl^_ia^Hegaa=2 


c3®7 


C3R7 


Fourteen  crams  (0.6l  sole)  of  metallic  sodium  were  converted 
into  sodium  amide  in  liquid  amsonia,  and  the  resulting  sodium  amide  was 
reacted  for  one  hour  in  liquid  ammonia  with  70  B*  (0.503  mole)  of  1- 
dipropylimino-propync-2.  Seventy-fire  grams  (0.6l  mole)  of  n-propyl 
bromide  were  then  dded  into  the  flasks  and  stirring  was  continued  ft r 
a period  of  twelve  hours  after  the  completion  of  the  addition.  The  iso- 
lation of  the  redact  was  carried  out  as  described  previously. 

Fractionation  yielded  68  g.  of  l-dipropylemino-hexyne-2 , boiling 
from  94-95°  (eorr.)/lO  mm.  This  yield  corresponded  to  73#  of  the  theo- 
retical amount , based  upon  the  l-dipropylamino-propyne-2  used. 

The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  coapound  t 


*.  i 


94-95°  (oorr.)/lO  mm. 

1.4441 

0.8066 

Theoretical,  59.55s  found,  59.73 
Theoretical,  7.731  found,  7,52 


w 


°3"7 


+ NaSr 


Fourteen  grama  (0.6l  cole)  of  metallic  sodium  were  converted 
into  sodium  amide  in  liquid  ammonia,  and  the  resulting  sodium  amide 
was  reacted  for  one  hour  in  liquid  ammonia  with  70  g.  (0.503  mole)  of 
1 -dipropyl  cmino-propyne-2.  Bighty-eight  and  one-half  groins  (0.61  mole) 
of  n-butyl  ‘bromide  were  then  added  into  the  flask,  and  stirring  was  con- 
tinued for  a period  of  twelve  hours  after  the  completion  of  the  addition 
The  Isolation  of  the  product  was  carried  out  as  previously  described. 

fractionation  yielded  75  g.  of  l-dlpropylamino-heptyne-2,  boil- 
ing from  108-109°  (eorr.)/10  mm.  This  yield  corresponded  to  7$  of 
the  theoretical  amount,  based  upon  the  l-dipropylamino-propyne-2  used. 

The  following  physical  constants  and  analytical  data  were 
determined  for  this  compound: 


*.  * 


108-109°  (eorr. )/i0  m. 

1.1*459 

0.8087 

Theoretical,  64.17*  found,  64.40 
Theoretical,  7.17*  found,  7.27 


Synthesis  of  l-i)lpropylamlno-octyne-2 


CJU 

** ^JUCBg-CSC-Ba  + C^Hj^Br 
C3H7 


c3H7\ 

pB^^C^C-CH^-CH^CH^-Caig-CH^  ♦ NaBr 

®3F7 


Fourteen  grama  (0.61  mela)  of  metallic  sodium  were  converted 
Into  sodium  amide  In  liquid  ammonia , ami  the  resulting  sodium  amide  was 
reacted  for  one  hour  In  liquid  ammonia  with  70  g.  (0.503  mole)  of  1- 
dlpropyl tjaino-propyne-2 . Ninety-two  grams  (0.61  mole)  of  n-aayl  bromide 
were  then  added  Into  the  flask,  and  stirring  was  continued  for  a period 
of  twelve  hours  after  completion  of  the  addition,  the  isolation  of  the 
product  was  carried  out  as  previously  described. 

Fractionation  yielded  81  g.  of  l-dipropylaaino-octyne-2 , boiling 
from  120,5-121. 5°  (corr.)/l0  m.  This  yield  corresponded  to  77$  of  the 
theoretical  amount,  baaed  upon  the  l-dlpropylamino-propyne-2  used. 

The  following  physio&l  constants  and  analytical  data  were  de- 
termined for  this  compound: 

B.p.  120.5-121 .5°  (eorr.)/l0  ran. 

*7  ».**n 

0.8115 

Mrjp  Theoretical,  68.79:  found,  68.94 

I,  £ Theoretical,  6.69:  found,  6.94 
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gathers  of  l^lbtttylomlno-propyno-2 


*¥*7 


♦ HaBr  ♦ 2 


Sighty  grams  (3,48  moles)  of  metallic  sodium  were  converted  Into 
sodium  amide  in  liquid  emonia,  and  the  resulting  sodium  amide  was  re- 
acted for  a period  of  twelve  hours  in  liquid  ammonia  with  372  g,  (1.5 
moles)  of  l-dibutylamlno-2-bronopropene-2 . The  isolation  of  the  product 
was  carried  out  as  described  previously. 

Fractionation  yielded  223  S»  of  l-dlbutylaml&o-propyne-2,  boiling 
from  77.5-78.5°  (corr.)/lO  am.  This  yield  corresponded  to  8 yf»  of  the 
theoretical  amount,  based  upon  the  l-dlbutylaniao-2-hromopropeae-2  used. 

The  following  physical  constants  and  analytical  data  were 
determined  for  this  compound: 


This  compound  has  been  previously  reported  in  the  literature,^ 
but  has  not  been  prepared  in  this  manner. 


77.5-78.5°  (corr,)/lO  am. 

1.4381 

0.8045 

Theoretical,  54.93*  found,  54.59 
Theoretical,  8.37*  found,  8.13 


Synthesis  of  l-Mbutylamj^butynera 


lUCHg-OaC-Na  4-  I-CH3 


CliSr, 

4^9 


N 

/ 


K-CR^-C^G-CH^  4-  Hal 


fifteen  grain#  (0.65  sole)  of  metallic  sodium  were  converted  into 


dibutylamino-propyne-2 . Ninety- two  and  three-tenths  grass  (0.65  sole) 
of  methyl  iodide  were  then  added  into  the  flask,  and  stirring  was  con- 
tinued for  a period  of  twelve  hoars  after  the  completion  of  the  addition. 
The  isolation  of  the  product  was  carried  out  as  previously  described. 

Fractionation  yielded  82  g.  of  l-dibutylasdno-butyno-Z,  boiling 
from  97*5-97.8°  (corr.)/lO  an.  This  yield  corresponded  to  75$  of  the 
theoretical  amount,  based  upon  the  l-dihutylaadno-propyne-2  used. 

The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  compound* 


sodium  amide  in  liquid  ammonia,  and  the  resulting  sodium  amide  was  re- 

* V'  1 

acted  la  liquid  ammonia  for  one  hour  with  100  g.  (0.60  mole)  of  1- 


*.  * 


97-5-97.8°  (corr.)/lO  mm. 

1.4465 

0.8139 

Theoretical,  59«55t  found,  59-46 
Theoretical,  7.73*  found,  7*73 


w 


Fourteen  gran*  (0.6l  ml*)  of  netalllc  sodium  were  converted 
Into  sodium  amide  1a  liquid  ammonia,  and  the  resulting  sodium  amide  we* 
reacted  in  liquid  ammonia  for  one  hour  with  100  g.  (0.60  mole)  of  1. 
dibuty:Uuaino-propyne-2 . Sixty-six  and  one-half  gram*  (0.61  mole)  of 
ethyl  bromide  were  then  added  into  the  flask,  and  stirring  was  contin- 
ued for  a period  of  twelve  hours  after  the  completion  of  the  addition. 
The  isolation  of  the  product  was  carried  out  ae  previously  described. 

Fractionation  yielded  89  g.  of  l-dibatylamino-pentyne-2,  boil- 
ing from  107-107.2°  (eorr.)/lO  ms.  This  yield  corresponded  to  70  of 
the  theoretical  amount,  based  upon  the  l-dibutylaaino-propyna-2  used. 

The  following  physical  constants  and  analytical  data  vers  de- 
termined for  this  coqpoundt 


*i> 
*.  * 


B.p. 


107-107.2°  (eorr.)/lO  m. 

1 .**55 

0.8090 

Theoretical,  64. 17s  found,  64.33 
Theoretical,  7»17t  found,  6.92 


*9 

synthesis,  of  l-P l~baty  1 amlno-he 


Fourteen  gr sms  (0.61  sole)  of  metallic  sodium  were  concerted 
into  sodium  aside  in  liquid  cmmonia,  and  the  resulting  sodium  amide  was 
reacted  in  liquid  ammonia  for  one  hour  with  83.5  6*  (0*5  nolo)  of  1- 
dibutylamino-p*i>pyna-2 . Seventy-four  grans  (0.6l  sole)  of  n-propyl 
bromide  were  then  added  into  the  flash,  and  stirring  was  continued 
for  a period  of  twelve  hours  after  completion  of  the  addition.  The 
Isolation  of  the  product  was  carried  out  ae  previously  described. 

Fractionation  yielded  75  6.  of  l-dibutylaaino-hexyne-2,  boiling 
from  139.5-119.8°  (eorr.)/X0  am.  This  yield  corresponded  to  W&  of  the 
theoretical  amount*  based  upon  the  l-dibutylamino-propyne-2  used. 

The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  compound « 


*.  i 


119.5-119.8°  (eorr.)/lO  am. 
1.1*472 
0.8813 

Theoretical,  68*791  found,  68.98 
Theoretical,  6.69;  found,  6.65 


50 

SjBthg&U  o£ 


♦ C^H^Br 

°^{9 


C^^B-CH2-C5C-C%-CH2-CH2-.CB3  ♦ HaBr 

w 

Fourteen  grams  (0.61  salt)  of  metallic  sodium  were  converted 
Into  sodium  aside  In  liquid  anemia,  and  the  resulting  sodium  amide  was 
reacted  In  liquid  aamonla  for  one  hour  with  83.5  g.  (0.5  *»1«)  o*  1- 
dibutylamino-propyne-2.  Eif£ty->tvo  and  one-half  grans  of  n-butyl  bromide 
were  then  added  Into  the  flask,  and  stirring  was  continued  for  a period 
of  twelve  hours  after  the  couplet ion  of  the  addition.  She  isolation  of 
the  product  was  carried  out  as  previously  described. 

Fractionation  yielded  84  g.  of  l-dibutylamlno-heptyne-2,  boiling 
from  131. 6-132. 2°  (eorr.)/l0  as.  Shis  yield  corresponded  to  75* 5 £ of 
the  theoretical  amount,  based  upon  the  l-dibutylamlno-propyns-2  used. 

Tb»  following  physical  constants  and  analytical  data  were  de- 
termined for  this  compound  t 

B.p.  131,6-132.2®  (oorr.)/lO  mm. 

45  1.W3 

uj*  0.8127 

Hrp  Theoretical , 73.41*  found,  73.63 

X,  $>  Theoretical,  6.27*  found,  6.26 


51 


W 


«*»» 


AJL 

^^IM^C^CEg-C^-CHg^CKg-CH^  + 


Fourteen  grama  (0.61  mole)  of  metallic  sodium  vara  converted 
into  sodium  amide  in  liquid  ammonia,  end  the  raaulting  sodium  amide 
was  reacted  in  liquid  ammonia  for  one  hour  with  83.5  g.  (0.5  mole)  of 
l-dibutylF«ino-propyne-2 . Ninety- two  grama  (0.61  mole)  of  a-asyl  brom- 
ide vara  then  added  into  the  flask,  and  stirring  vaa  continued  for  a 
period  of  twelve  hours  after  the  collation  of  the  addition.  The  iso- 
lation of  the  produet  vat  carried  out  ee  previously  described. 

Fractionation  yielded  91  g.  of  l-dibutylamino-octyna-2 , boiling 
from  143.5-143.8*  (corr.)/10  am.  This  yield  corresponded  to  77$  of  the 
theoretical  amount,  based  upon  the  l-dibutylasdno-propyne-2  used. 

The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  eosgKrandt 


S.p. 

143.5-143.8®  (corr.)/l0  mm. 

*? 

1.4498 

0.8144 

Theoretical,  78.035  found,  78.32 

1,  i 

Theoretical,  5.90*  found,  5.84 

CHAPTER  ? 


SUBfHFSSIS  OT  THKTI/Jiy  DI  • ACSm^aSflC  .'.MIHJiS 

Sagt^flg  Of  R-^Butyl^l-g-propynyl^Blpiy 


- By 

l 

.QU-CsCHo 

<W<  ^ ♦ 

Br 


CIU-CSC-Ra 

¥r<T^ 


4*  2 HaBr 


One  hundred  grams  (4.35  »ol®s)  of  metallic  sodium  were  conrerted 
Into  sodiua  aside  in  liquid  ammonia,  and  the  resulting  sodium  odde  was 
reacted  in  liquid  caaonia  with  408  g.  (1.3  moles)  of  K,K-bis-(2-bromo- 
2-propenyl ) -n*.butylaaine  for  a period  of  twelve  hours.  The  isolation 
of  the  product  van  carried  out  as  usual. 

fraction  tion  yielded  148  g.  of  S— n— butyl—di— 2— propyaylamitte , 
boiling  from  73-74°  (corr.)/lO  ran.  This  yield  corresponded  to  78.556  of 
the  theoretical  amount,  based  upon  the  I#I-bis-(2-bromo-2-propenyl)-a- 
butyl amine  used. 

The  following  physical  constants  eni  analytical  data  were  de- 
termined for  this  compound: 

73-74°  (oorr.  )/lo  an. 

1.4587 
0.8512 

Theoretical,  48.3U  found,  47. 71 
Theoretical,  9.391  found,  f.38 
52 
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Synthesis  R«x>rBatyI..dl-2-'butynylaalna 


+ 2 Hal 


Fifty  and  one-half  crams  (2.2  moles)  of  metallic  sodium  vers 
converted  into  sodium  amide  la  liquid  ammonia,  and  the  resulting  sodium 
aadde  was  reacted  for  one  hour  in  liquid  ammonia  vith  125  g.  (0.84  mole) 
of  5-n-Tmtyl-di-2-propynylamine . Throe  hundred  and  ten  grams  (2.2  moles) 
ot  ethyl  iodide  wore  then  added  into  the  flask, and  stirring  was  con- 
tinued for  a period  of  eight  hours  after  corpietion  of  the  addition. 

7he  illation  of  the  product  was  carried  out  as  previously  described. 

Fractionation  yielded  10?  g.  of  H-cv-butyl-di-2-hatyivl amine , 
"boilinc  "*ro!n  134.5-115»5°  (eorr.)/lO  nu  This  yield  corresponded  to 
72$  of  the  theoretical  amount,  based  upon  the  H-a-twtyl-di-3-propynyl- 
amine  used. 

The  fol loving  physical  constants  and  analytical  data  vers  de- 
termined for  this  compound: 


B.p. 


114.5-11 5.5°  (corr.5/10  nu 
1.4778 
0.8616 

Theoretical,  57.56;  found,  58.20 
Theoretical,  7*90;  found,  7.80 


CRAP ©R  VI 


STHTKBSI3  OP  SUSU3STITUTED  S-PBDPSmOSSIMIllBS 
^the»ic  of  %r.2:&3g<^ 

M • • •* 

C^5-S-CH2-CsCH2  4 *ri&2  

H Br 

C^-SbCH-atC^  ♦ Sa Br  4-  SH^ 

Sixty-four  gram*  (2.78  Bole a)  of  metallic  sodium  wore  converted 
into  sodivoa  amide  in  liquid  ammonia,  and  the  resulting  sodium  aside  was 
reacted  for  ten  hours  In  liquid  aunonla  with  350  g.  (2.14  soles)  of  1- 
ettoylamino-2-bronopr©peoe-2.  The  isolation  of  the  product  was  carried 
out  as  previously  described. 

Fractionation  yielded  97  €•  °f  H-2-propenylidene-ethylamine , 
boiling  fro»  77.3-77*5°  (corr.).  This  yield  corresponded  to  55$  of  the 
theoretical  amount , based  upon  the  l-ethyloaino-2-broaopropene-2  used. 

The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  compound: 

B.p.  77.2-77.5°  (corr.) 

n^  1.4284 

0.7795 

Krp  Theoretical,  27.50*  found,  27.43 

*,  $ Theoretical,  16.85;  found,  16.76 
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55 


(iso)  03H7-B-CH2-0=CH2  ♦ HaHBj  ► 

H ir 

(Iso)  (^Hy-ItCE-CHsCEg  + KeSr  + ITKj 

Forty- three  grama  (1.8?  solos)  of  metal  lie  sodium  were  convert- 
ed into  sodium  amide  in  liquid  amonia,  and  the  resulting  sodium  amide 
vas  reacted  for  ten  hours  in  liquid  ammonia  with  256  g.  (1.44  moles)  of 
l-isopropylamino-2-l>roaopropeae-2.  The  isolation  of  the  product  was 
carried  out  as  usual. 

Fractionation  yielded  80  g.  of  Jt-2-propenyiidene-isopropylamine , 
toiling  from  93-94°  (corr.).  This  yield  corresponded  to  57$  of  the 

4 

theoretical  amount,  based  upon  the  l-isopropylrj3dno-2-tooaopropone-2 
used. 

The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  confounds 


■$? 

■P 


93-94°  (corr.) 
1.4269 


0.7759 


Theoretical,  14.42;  found,  14.44 


Theoretical,  32.12;  found,  32.14 


56 


C/^-N-CH2-C=CH2  4-  HaHH2 

H Br 


C/jJHj-^CH-CftCHg  4-  HaBr  + HH^ 


forty-three  and  seven-tenth®  grams  (1.9  moles)  of  metallic  sodium 


were  converted  Into  sodium  amide  In  liquid  ammonia,  and  the  resulting 
sodium  amide  was  reacted  for  twelve  hours  in  liquid  ammonia  with  320  g. 
(1.66?  moles)  of  l>4w\xxtylamiao-2-hromopropene-2.  The  Isolation  of  the 
product  was  carried  out  as  previously  described. 

fraction  yielded  lh2  g.  of  R-2-prope93ylldene-n-txitylaglne , 
boiling  from  129.5-130.5°  (eorr.).  This  yield  corresponded  to  77$  of 


the  theoretical  amount,  based  upon  the  l-jwbutylamino-2-bromopropene-2 
used. 


The  following  physical  constants  and  analytical  data  were  de- 
termined for  this  compound: 


*.  * 


129. 5-130.5°  (eorr.) 

M3W 

o.79hl 

Theoretical,  36.73*  found,  36.72 
Theoretical,  12.60;  found,  12.58 
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O^S-OHj-teCHj  ♦ aaaj 

B Hr 


C^^CH-CHsG&g  ♦ NaJir  + HH^ 

Twwty-alx  and  one-half  grams  (1.13  moles)  of  metalUe  sodium 
wre  converted  into  sodium  amide  in  liquid  ammonia,  and  the  resulting 
sodium  amide  wee  reacted  for  twelve  hours  in  liquid  aemanu  with  16?  g. 
(0.64  mole)  of  l-nanylaaino-2-broQopropene-2 ; The  isolation  of  the 
product  was  carried  cut  as  previously  described. 

fractionation  yielded  84  g.  of  H-2-propenyaidene-nonylamine , 
boiling  from  86.5-87.5°  (corr.)/l0  mm.  Shis  yield  corresponded  to  72$ 
of  the  theoretical  amount,  based  upon  the  l-nonylamino-2-broaopropene-2 


She  following  physical  constants  and  analytical  data  were  de- 
termined for  this  compound: 

B»P»  86.5-87.5°  (oorr.)/l0  as. 

1.4489 

Dg5  0.8113 

Hjfc  Theoretical,  59.93*  found,  59*93 

*»  $ Theoretical,  7.73 j found,  7.83 


CHAPTER  Til 


THEORETICAL  ASPECTS  OP  THE  SBHXDROHALOaENATlOV  Of  HAZXUALKESTLAMDI&S 
WITH  30DI0H  AMIES  I*  LIQUID  AIWOHIA 


A‘  Sasayz  2l  IfigjgBS.  SEMI.  SL  M^rphsqogonatloa  Reactions 
SUgaM  *&  atoJU^Qft,  Hite  Establishment  of 
gtaagterp  o£  Ssggitiflg  C9ESj<nwd» 


Befor#  any  mechanisms  may  he  proposed  for  these  Ashydrohalocenation 
reactions,  it  is  necessary  to  present  a summary  of  the  three  types  of  de- 
hydrohalogenatione  carried  oat  and  the  results  obtained,  together  with 
the  evidence  supporting  these  results. 

The  first  reactions  carriod  out  were  the  dehydroh&locenat ions  of 
tertiary  hale-alkenylamines  containing  two  similar  alkyl  groups  and  the 
2-broao-2-propenyl  radical  on  the  nitrogen  aton.  These  compounds , on  de- 
hydrohalogenation,  yielded  tertiary,  acetylenic  aminee,  as  illustrated  in 
equation  (l)  : 

Jtt,  1^*-cb2-iso-k»  ft) 

.O? 


The  sodium  acetyl  ides  formed  were  readily  deoonposed  to  the  free  amine 
hy  '-"ter.  The  reactions  wers  clear-cut,  and  it  is  unnecessary  to  present 
proof  of  structure  of  the  resulting  compounds,  since  similar  reactions 
are  well-known  in  the  hydrocarbon  series  and  since  various  halides 
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have  been  coupled  to  the  sodium  oeetylides  of  these  compounds  to  yield 
the  expected  product,  la  accordance  with  equation  (2) : 

*\  ax 

^U-CHg-CaC-Sa  # 3UR*  — * ^B-C&f-CsC-R*  4-  HaX  (2) 

The  fact  that  the  reaction  represented  by  equation  (2)  proceeds 
Is  sufficient  proof  of  the  existence  of  a terminal  triple  bond.  Further- 
more, 1-d i e thy lami no-p ropyne- 2 has  been  synthesized  in  the  meaner  shown 
by  equation  (1) , end  its  hotline  point  coincides  with  that  reported  in 
the  literature.^  The  physioal  constants  of  1-Methy  lamino-heptyae-2 , 
prepared  in  accordance  with  equation  (2) , agree  with  those  previously 
reported.2 

The  second  type  of  dehydrohalogenatlon  which  was  carried  out  vac 
that  of  H ,B-his-(2-hromo-2-propeByl)-tt-butyla3Bino , aa  shorn  in  equation 
(3)t 


Br 


C H 

^ ^CHy-CrCHg 

Br 


XsXHo  CHjj-CSG-Sa 

— **<**** 


(3) 


There  can  he  little  douht  that  the  resulting  compound  is  actually 
S-n-hutyl-4i-2-propynylaains , since  the  dlacetyllde  of  this  compound  was 
coupled  with  methyl  iodida  to  yield  B-x^-hatyl-di-2-^tynylsmiias « 

/ CRg— Cs*C— Ns, 

^CHg-CfeC-Ka 


^CHj-CaC-CH^ 


<*> 


60 


The  KjelcLahl  analyses  of  both  of  these  compounds  gave  satis- 
factory results,  ruad  the  coupling  of  two  methyl  groups,  as  show  in 
equation  (4),  itself  clearly  indicated  by  analysis,  prows  the  exist- 
ence of  two  terminal  triple  bonds  in  the  original  compound,  K-n-butyl- 
di-2-propyxjylaaine , The  molar  refraction  calculated  from  the  physical 
constants  of  B-n-butyl-di-2-propynylaiaine  differed  from  the  theoretical 
value  by  0,60,  a significant  quantity.  This  difference  will  be  discussed 
at  a later  point  in  the  chapter,  and  an  explanation  will  be  proposed. 

Xa  an  effort  to  prepare  the  corresponding  secondary,  acetylenic 
amine,  a third  type  of  dehydrohalogenatlon  wae  carried  out)  that  of  a 
secondary  h&lo-alkenylaaine.  Instead  of  producing  the  expected  product, 
however,  the  reaction  proceeded  as  shown  in  equation  (5)* 


B-JUOLj-fcCHg 


SaKBg 


R-HrCE-carCHg 


(5) 


It  becomes  necessary  at  this  point  to  establish  the  fact  that  the 
resulting  compound  is  that  which  is  shown  in  this  equation,  an  I- substi- 
tuted 2-prepenyl idea iiaine.  Compounds  of  this  general  type  are  also  known  as 
aldimlnes,  or  Sehiff  bases,  and  normally  result  from  the  reaction  of  an 
aldehyde  with  a primary  amine,  according  to  equation  (6) t 

X K 

E4H2  + OrC-R*  — R-NzC-H*  + HgO  (6) 

The  S-substituted  3-propenylidenimines  which  have  been  prepared  are 
those  which  would  result  from  the  reaction  of  acrolein  with  primary  amines, 
if  acrolein  underwent  the  reaction  shown  in  equation  (6)  • It  does  not  Ae 
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•o,  however;  its  reaction  with  primary  amines  usually  leads  to  unidenti- 
fiable resins. Although  some  instances  hare  been  reported  in  which 
definite  products  were  obtained^1  these  products  were  not  the  staple 
^-substituted  2-propenylidanimines. 

After  the  dehydrohnlogenation  of  the  secondary  halo— alkeny lamina 
had  been  carried  out,  the  resulting  compound  necessarily  contained  either 
a triple  bond  in  the  terminal  position  or  two  double  bonds.  The  nonexist- 
ence of  a triple  bond  in  the  terminal  position  was  clearly  indicated  by 
failure  of  the  compound  to  couple  with  alkyl  halides  after  treatment  with 
sodium  amide  in  liquid  ammonia.  Two  attempts  were  made  to  carry  out  this 
reaction,  using  different  alkyl  halides,  but  the  only  product  obtained  was 
the  unchanged  starting  material*  Xt  may  be  safely  assumed,  therefore,  that 
the  compound  contained  two  double  bonds.  Xt  may  also  be  assumed  that  one 
these  doable  bonds  was  in  the  terminal  position,  since  no  conditions 
were  loosed  at  any  time  vhldi  could  conceivably  hare  shifted  the  original 
double  bond  of  the  2-brooo-2-propenyl  radical  from  its  terminal  position. 

aldininea  are  knout  to  hydrolyse  readily  in  acid  solution,  thus 
reversing  equation  (6) , to  yield  the  aldehyde  and  the  amine.  Treat- 
ment of  one  of  these  confounds , B-3-propenylideno-a-butyl amine , with 
dilute  hydrochloric  acid  decomposed  the  compound  to  yield  n-butyl amine 
and  an  aldehyde,  thus  establishing  the  original  compound  as  an  aldimine 
and  locating  the  second  double  bond  between  the  nitrogen  atom  and  the 
adjacent  carbon.  The  n-butylamine  obtained  was  identified  by  boiling 
point  end  refractive  index.  The  other  hydrolysis  product  was  identified 
as  :jq  aldehyde  by:  formation  of  a 2*^-dinitroph®nylhy4rasone , reduction 
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of  permanganate , formation  of  a silver  mirror  with  Tollen's  reagent,  and 
redaction  of  Fehling's  solution  In  the  cold.  All  efforts  to  isolate  the 
aldehyde  formed  have  failed,  resulting  only  in  extensive  decomposition. 

The  hydrolysis  of  H-2-propenyl ldene-n-butylaaine  in  acid  solution 
might  he  expected  to  yield  n-butylamlne  and  acrolein,  hut  it  has  been 
established  that  this  is  not  the  ease.  The  amine  formed  was  butylamine, 
as  previously  stated,  hut  the  aldehyde  did  not  decolorise  bromine  water 
readily,  thereby  eliminating  acrolein  as  a possibility.  Furthermore,  it 
has  been  found  that  the  melting  point  of  the  2 ,4-dinit  rophenylhydrazone 
derivative  of  this  aldehyde  varied  with  the  acid  used  to  catalyze  the 
hydrolysis.  When  hydrochloric  add  was  used,  the  2,4-dinitrophenyl- 
hydrasone  derivative  of  the  aldehyde  melted  from  124-125°  cad  was  found 
to  contain  chlorine.  This  derivative  in  aqueous  solution  gave  no 
precipitate  with  aqueous  silver  nitrate;  therefore,  the  chlorine  was 
not  of  ionic  character.  When  sulfuric  acid  was  used  to  catalyze  the 
hydrolysis,  the  2,4-dlnitrqphenylhydrazone  of  the  resulting  aldehyde 
melted  above  200°  and  was  found  to  contain  sulfur. 

From  the  above  information,  it  might  seem  probable  that  the  hy- 
drolysis of  these  compounds  in  acid  eolation  would  proceed  in  the  follow- 


ing 


i r: 


O^-lfcCH-CHrCHg  -S£i*  tyH^-K-CHrCR-pig 

B Cl 


HjjO 


(7) 


C||B9JfcCB-CH2-CB2Cl  + QrCH-CHg-CHgOl 

The  first  step  in  the  hydrolysis  shown  would  be  the  1,4-addition 
of  hydrogen  chloride.  This  is  logical,  realizing  the  ease  with  which 


<53 


1 , 4-additions  to  conjugated  double  bonds  occur.  The  second  step  would  be 
the  rearrangement  of  an  alpha-beta-tmsaturated  amine  to  the  corresponding 
imine,  also  a well-known  reaction.^ A5  #46  The  final  step  would  be  hy- 
drolysis of  the  isdne  to  yield  an  aalne  and  3-ehlo ro-propionaldehyde . Xt 
has  been  established  that  this  probably  does  not  occur,  however.  A 2,4- 
dlnltrophenylhydrasona  prepared  from  a known  sample  of  the  diethyl  acetal 
of  3-ehloro-proplonaldehyde  melted  from  121-122°;  the  2,4-dinitrophenyl- 
hydrazone  prepared  from  K- 2-propenyl i dene-e thy  1 anins  melted  fros  123-124°. 
The  sized  melting  point  of  the  two  derivatives  wae  101-104° , Indicating 
that  the  hydrolysis  product  probably  was  not  3-ehloro-proplcnaldoteyde. 

The  mechanism  of  this  hydrolysis  and  the  resulting  product  are  unknown. 

An  attempt  to  reduce  K-2-propenylldene-n-butylssine  with  lithiun 
alvsinos  hydride  resulted  only  in  the  formation  of  a considerable  quantity 
of  material  boiling  above  250°,  probably  a polymer,  and  In  recovery  of 
some  unchanged  material. 

KJeldahl  analyses  of  these  compounds  gave  satisfactory  results, 
and  the  solar  refractions  calculated  fros  their  physical  constants  are 
in  a boost  exact  agreement  with  the  theoretical  values. 

H-2-Propenylidene-n-butylanlne  gave  several  reactions  which  are 
characteristic  of  acrolein:  a good  iodoform  test;  evolution  of  excessive 
heat  when  treated  with  saturated  sodium  bisulfite  solution,  with  no  pre- 
cipitate forming  immediately;  and  rapid  decolonization  of  a solution  of 
bromine  in  carbon  tetrachloride. 

The  2,4-dinitrophenylhydrazonee  prepared  from  K-2-propenyl ldene-n- 
butylaaine  and  from  H-2-propenyl idene-ethylamine  were  established  as  identi 
cal  by  melting  points  and  mixed  melting  point,  eliminating  any  possibility 
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that  the  2 ,4-dinit wphenylhydrazine  fonts  a derivative  with  the  entire 
imine  molecule,  rather  then  with  only  the  aldehyde  portion. 

Although  no  elngle  item  of  experimental  data  can  he  offered  as 
conclusive  proof  of  the  structure  of  these  compounds,  their  structure 
is  sufficiently  proven  hy  the  experimental  evidence  given  on  the  pro- 
ceeding pages.  ' 

b ZimssSL  lissom  *22  £&.  ?**&&& 

la  Mi  bkmrtetkm 


The  first  insight  into  the  mechanism  of  these  reactions  is  given 
hy  the  unique  synthesis  of  U- substituted  2-propenylidenimines  which  has 
been  discussed.  The  equation  for  this  reaction  was  given  ae  equation  (5) 
of  this  chapter,  and  is  repeated  here  for  convenience  of  discuss ion t 


a-3-cn2-cicH2 

K Br 


B-HSCH-GHsOtg 


(5) 


It  is  highly  improbable  that  a hydrogen  atom  from  the  terminal 
carbon  atom  was  removed  with  the  bromine  atom  in  the  dahydrohalogeaatlon, 
with  subsequent  rearrangement  of  the  acetylenic  linkage  thus  obtained  to 
the  conjugated  system  which  actually  resulted  frets  the  reaction.  The 
acetylenic  linkage  would  have  been  stabilised,  if  present,  by  the  form- 
ation of  the  sodium  acetyl  ids  under  the  influence  of  an  excess  of  sodium 
ssd.de.  Furthermore,  JUisobutyl-propynylamine  has  been  reported  in  the 
literature  as  a stable  compound,  b.p.  13**— 136° if  B-butyl-propynylamine 
had  been  formed  in  this  reaction,  it  should  hart  been  isolated  ae  such. 
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It  therefore  be  cones  evident  that  the  hydrogen  atom  which  vaa 
removed  with  the  bromine  atom  cane  from  the  carbon  atom  adjacent  to  the 
nitrogen,  in  accordance  with  the  following  reaction: 

•* 

C^-K-dtCrCHg  (8) 

H 

The  compound  which  results  from  this  reaction  is  on  alpha,  beta*, 
uasaturated  asdne , and  is  therefore  in  equilibrium  tdth  the  corresponding 
imint:^*^*^ 

••  a 

CtP^CBzOSBRz  A C4P9-H=CE-CKrCH2  (9) 

H 

<D  US) 

St  would  be  expected  that  this  equilibrium  would  be  shifted  far 
to  the  right  because  of  the  enhanced  stability1  of  the  conjugated  system 
and  the  extreme  instability  of  the  alienee.  This  expectation  is  strongly 


supported  by  molar  refraction  data,  as  presented  below: 

Theoretical  molar  refraction  of  Structure  Z 37*19 

Theoretical  molar  refraction  of  Structure  IS....  36.73 
Value  determined  from  physical  constants 36.72 


There  is  almost  exact  agreement  between  the  theoretical  and  found  values 
of  molar  refraction  of  all  members  of  this  series  which  have  been  pre- 
pared, when  the  theoretical  values  were  based  upon  the  S-substituted 
2-pr openyl idenlnine  structure. 


W*-®**?8"* 

H Br 
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This  nsehaaim  offers  a very  logical  explanation  for  the  usuual 
products  obtained  in  these  reactions,  bat  it  makes  necessary  a closer 
examination  of  the  rteehanisms  of  the  other  dehydrohalogenations  which 
hare  been  carried  out.  The  three  types  of  halo-alkenylasdnes  which  hare 
been  dehydrohalogenated  in  this  research  are  presented  below: 


Br 


Br 


C3l~-0rCBU 


'H 


(A) 


CE^CCHg 

WH\ 

**  °&9 

(B) 


/ 


Br  .. 

mjcaig 


I 

Br 


(0 

It  is  seen  that  the  only  difference  in  these  compounds  lies  in 

. 

one  of  the  groups  attached  to  the  nitrogen  in  each  ease.  In  (A),  above, 

L 

this  group  is  a hydrogen  atom;  in  (B)  it  ie  an  alkyl  group  and  it  more 
electropositive  then  hydrogen;  in  (0)  it  is  the  2-bromo-2-propenyl  radi- 
cal, probably  more  electronegative  than  hydrogen,  although  the  author 
of  this  dissertation  Is  not  equipped  to  make  a positive  assertion  regarding 
its  relative  electronegativity. 

It  seems  highly  improbable  that  hydrogen  halide  would  be  split 
cut  in  such  a direction  at  to  form  the  terminal  triple  bond  in  ease  (B) , 
above;  that  it  would  be  split  out  in  the  opposite  direction  to  form  the 
substituted  aliens  in  case  (A) , when  the  alkyl  group  has  been  replaced  by 
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» more  electronegative  group,  the  hydrogen  atom;  and  that  It  would  he 
again  split  out  to  form  the  triple  bond  when  the  alkyl  group  ie  replaced 
by  a still  sore  electronegative  group , the  2-brono-2-p ropenyl  radical. 

The  final  product  of  dehydrohalogenation,  however,  is  the  H-substituted 
2-propeaylideniaine  in  ease  (A),  and  is  the  acetylenic  amine  in  eases 
(B)  and  (C). 

With  this  reasoning  in  mind,  a mechanism  for  these  dehydrohalogesv- 
ation  reactions  lias  been  conceived  whiah  fits  all  the  known  facte  and 
probabilities.  The  proposed  mechanism  is  as  follows! 

Treatment  of  V-substituted  2-broao-2-propenyl amines  with  sodium 
amide  in  liquid  —souls  result*  in  removal  of  hydrogen  halide  in  such  a 
direction  that  an  alien*  ie  formed  in  accordance  with  the  following 
equation! 


ml— CHy  CZCHg 

T Br 


I 


If  T represents  a hydrogen  atom,  its  mobility  is  such  that 
rearrangement  to  the  imlne  can  occur,  with  the  subsequent  stabilisation 


of  the  resulting  compound  by  conjugation  of  the  double  bond*! 

R-N-C^rCrCHg  IUfeCH-CfeCH2 

X 


Zf  T,  on  the  other  hand,  represents  some  group  other  than  a 
hydrogen  atom,  regardless  of  its  relative  electronegativity,  ite  lesser 
mobility  makes  this  rearrangement  to  the  imlne  is&oesibl*.  Instead,  the 
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aliens  Is  rearranged  to  the  acetylenic  linkage  under  the  influence  of 
excess  sodium  aside  and  with  the  formation  of  the  sodium  acetyl  ids: 


B-S-CHSdCHg 

T 


5&SH; 


JUB-CH^-CaC-Ha 

T 


To  state  this  proposed  theory  sore  briefly , dehy&rohalogeaatlon 
of  these  halo-alkenylminee  produces  in  every  ease  an  aliens  which  re- 
arranges. When  rearrangement  to  the  isdne,  with  conjugation  of  the  double 
bonds,  is  possible,  this  reaction  takes  precedence.  Wien  rearrangement 
to  the  inine  is  inpossible,  due  to  the  absence  of  a hydrogen  atom  on  the 
nitrogen,  the  rearrangement  is  to  the  acetylenic  linkage.  This  rearrange- 
ment of  alienee  to  triple  bonds  under  the  influence  of  alkali  has  long 
been  known  to  occur,  lavorsky  reported  the  use  of  metallic  sodium  for 
this  reaction,^  and  the  use  of  sodium  amide  has  also  been  reported.**® 

c*  S bmtlm  2L  Refractions 


Several  eases  hare  been  observed  among  the  compounds  described 
in  this  dissertation  in  which  considerable  difference  existed  between 
the  observed  and  calculated  values  of  molar  refractions.  In  connection 
with  this,  it  is  of  interest  to  observe  the  data  presented  in  fable  II. 

Several  interesting  conclusions  may  be  drawn  from  this  table.  It 
is  at  onee  seen  that  a definite  pattern  exists  in  thess  differences  between 
observed  and  calculated  values.  Without  exception,  the  difference  is 
greatest  in  the  case  of  the  derivative  of  propyne-2,  decreases  to  & mini- 
snm  in  the  derivatives  of  butyne— 2 or  pentyne-2,  then  increases 
as  the  chain  lengthens. 
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TABLE  XI 


DIFIKREHCBS  HHTWEE3I  0BSEK7KD  AHD  CALCULATED  VALUES  OT  MUAfi  OTRACTXOSS  • 
Or  EIOKTESN  1-DI-4wAJJCXX»AMXH0-2WLKTIISS* 


l-Dl-*w-€l3<ylsadno  group 

ilh. 

III!' 

ill 

pit 

f s 

2*3 

Alkyne  Group 

h 

f | 

3? 

4 

H 

fl 

Propyne-2 

•0.3  6 

-0M 

-0.34 

-0.38 

0.04 

Butyne-2 

-0.11 

-0.08 

-0.09 

-0.09 

0.01 

Pentyne-2 

0.02 

0.15 

0.16 

0.11 

0.06 

Heayne-2 

0.11 

0.18 

0.19 

0.16 

0.03 

Heptyne-2 

0.22 

0.23 

0.22 

0.22 

0.003 

Octyne-2 

0.23 

0.15 

0.29 

0.22 

0.05 

*A  aims  sign  indicates  that  the  observed  value  was  lever  than  the 
theoretical. 


Another  interesting  fact  to  be  noted  is  that  the  observed  values 
of  solar  refraction  of  the  propyne-2  and  batyno-2  derivatives  vers  in- 
variably lover  than  the  calculated  values , whereas  the  observed  values 
of  the  other  derivatives  were  invariably  higher  then  calculated.  When 
the  average  difference  between  the  observed  and  calculated  values  are 
plotted  against  increasing  length  of  the  nlbyne  chain,  a relatively 
s Booth  curve  Is  obtained.  This  is  shown  in  Figure  X. 
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a graphical  presentation  or  the  relationship  kit  webs  the  differences  is 

OBSERVED  AND  CALCULATED  MOLAR  REFRACTIONS  AND 
INCREASING  LENGTH  OF  ALKTHE  CHAIN 


It  it  alto  interesting  to  not©  that  the  average  difference  between 
obeerred  and  calculated  values  in  the  derivatives  of  propyne-2  it  -0.38, 
and  to  remember  that  the  difference  between  observed  and  calculated  values 
for  the  molar  refraction  of  N-a-butyl-d i-2-propynyl amine  wee  -0.60 , 
roughly  twice  that  which  occurs  in  compounds  containing  only  a tingle 
2-propynyl  radical.  This  evidence  might  offer  a very  possible  and  logi- 
cal explanation  of  the  large  difference  between  the  observed  and  calculated 
values  of  the  molar  refraction  of  K— lv-bntyl-d  1..?— prwpynyl  m t 
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Although  It  is  realized  that  there  is  insufficient  evidence 
here  to  sake  a definite  statement  possible  and  that  the  significance 
of  this  material  regarding  atomic  and  molar  refractions  is  open  to 
question,  the  evidence  does  seem  to  indicate  a veil-defined  pattern  of 
influence  shorn  "by  the  location  of  the  triple  bond  in  the  alkyne  radi- 
cal. This  Influence  mast  be  due  to  the  location  of  the  triple  bond, 
since  merely  increasing  the  length  of  the  chain  apparently  does  not 
cause  appreciable  differences  between  observed  and  calculated  values 
of  molar  refractions.  She  observed  molar  refraction  of  all  the  I- 
substituted  2-propeayl i deniaiae s prepared,  with  chain  lengths  from 
2 to  9 carbon  atoms  in  the  alkyl  radical,  are  in  almost  exact  agree- 
ment with  the  theoretical  values . 


SUMMARY 


A method  has  been  devised  for  the  synthesis  of  tertiary,  acetyl- 
enic amines  by  the  dehydrohalogenatlon  of  tertiary  halo-ulkenylamines 
with  sodium  amide,  using  liquid  ammonia  as  a solvent.  This  method 
permits  the  synthesis  of  these  coroounds  in  good  yield  using  only 
equipment  normally  found  in  an  organic  laboratory,  whereas  previous 
methods  for  their  synthesis  were  more  limited  in  application  and  often 
required  the  use  of  high-pressure  equipment. 

The  sodium  acetyl  ides  of  the  acetylenic  amines  prepared  have 
been  coupled  with  various  n-albyl  halides  to  prepare  the  higher  members 
of  the  series.  Four  series  of  compounds,  each  series  containing  six 
members,  have  been  prepared  by  these  methods. 

The  process  has  been  extended  to  the  synthesis  of  tertiary, 
dl-acetylenic  amines  by  preparation  of  two  of  these  compounds. 

A unique  synthesis  of  B- substituted  2-propenylldenimines  has 
been  discovered.  Four  compounds  of  this  type  have  been  prepared  by 
dehydroh&logenation  of  a secondary  halo-alkenyl  mine  with  sodium  aad.de 
in  liquid  ammonia. 

A mechanism  has  been  proposed  which  accounts  for  the  various 
products  obtained  in  the  dehydrohalogsnatlon  of  halo-alkenylaminee  with 
sodium  amide  in  liquid  ammonia. 

The  physical  constants  and  analytical  data  for  the  acetylenic 
amines  and  the  K- substituted  2-propenylideaiaines  which  have  been  pre- 
pared are  suaaarlzed  in  Table  III. 


72 


i 


„ n 


* 


»« 


4 1 

« w 
• 
o 
o 


RSSS8S®SSRSSSfi 

^ g Q cvQncocwq  o\<c  s n vq 


sasaafccsafccs® 

»•«•••••••  • • • 

rjf^oovCNCOt^oovcot^r^'o 


n n n n u i s e 


<\i  ^ 

pa  cK 


SSRRSfcSfc 


VA  IN  Q\ 

W>  r4  fc. 

■ 


W 


ill 


mi 


S fi 

£ £ 


i 


oooooooooo 


• • 
o o 


Hill 


! i i 

• ••••••»« 


I 


• • 
r»  • H 


f I i i i i 

a s s s s s 


©\  -d- 


4 4 4 


4 

CM 


« 3 


4 • 


50  & 


g g 

s s 

8 s' 


3 S 3 3 s a 


TABUS  III  ( Continued) 


J 

s u n ^ S K U U *8 

.,  .*  « ##«•*••  • • 
OOStCf^-INV)CCN'0'OVOV\  (N  N 

H 

* • 
* £ 

83fcRS®fcCS®&&  ft  8 

»#••#•«•••*•  • • 

O 0\©f"N'0©NN,C'0>ft  (h  t» 

N 

«*8PSftft3R8Sft  £8 

*1 

Rft8RSK8!RJJ£3S  ft  $ 

5&®ft®S$ftS8RR  § ft 

H 1 H 3 * H 2 H S3 

ft  k ;,  Si  £ 8 ft  8 8 e c £ 8 

ddddddddoddd  od 

v 

? s 1 1 1 i if  s 1 1 ? II 
• •••••••••••  • • 

HHHHHHHHHHHH  H H 

;| 
p«  & 

*-< 

0 

TTnrT*TTTTT~ri  nr 

cpooooooooo  oo 

H ri  r4  «-l  r4  r-t  r4  j H H H rt  rt 

u e s s H u u s «.» 
Iji  •^ju.un  ' Z 

M 

! 

#• 

8 j . 

NfMW^  ^ S E 

JNINICMW^,  CJ  CVi 

j I i l! 1} U 1 1 III 

S Ilf 1 1 i 1 1 ! i II 

llllllil  — ^ 1 Ml 

3 5 2 3 2 2 3 5 2 2 2 3 S I £ 

TABLE  III  (Continued) 


J 

£ f a © 

V3  i N ti 

H M M 

w u 

S S S R 

s'  s'  a * 

l 

s a £ s 

& R * $ 

il 

R a R S5 

& 8 * R 

% 

i fi  M 

o o o o 

1 1 1 1 

• • • • 

ri  H H H 

: li 

Si 

r 

o 

v\  V> 

fc  * £ fc 

^ 1 s * 

£ £ § I 

» 

1 1 1 1 j 

! ill! 

BIBLIOGRAfOT 


1.  Mannich  and  Chang,  Bar. . 66B.  418-20(1933). 

2.  Jones , Maxsstak,  and  Bader , J.  Chaw.  Soc. , 1947.  1578-9. 

3.  Carothers  (to  B.  I,  DuPont  As  Rencrars  A Co,),  TJ.  S.  Pat.  2,110,199* 

Mar.  8,  1939- 

4.  I.  0.  Parbenindciatrie  A.-O. , Brit.  Pat.  510.457,  Ang.  2,  1939. 

5.  I.  0.  Farbenindnstrie  A.-G. , Brit.  Pat.  510,904,  Aug.  10,  1939* 

6 . X.  0.  rarbenindnstrie  A.-O.,  Fr.  Pat.  839,875,  April  13,  1939. 

7.  Repps,  Keysaner,  ana.  Hecht  (to  General  Aniline  and  Film  Co.) , 

0.  S.  Pat.  2,273,141,  Feb.  17,  1942. 

8.  Jones,  Lacey,  and  Ssdth,  £.  Ohem.  Soc. . 19*t6.  940-4'. 

9.  .Johnson,  £.  Chan.  Soc. , 1946.  1009-14. 

10.  Jacobs , Organic  Reactions . 1,  1-78,  1949. 

11.  Meunler  and  Desparraet,  Boll,  soc.  chin.  France.  (4)  i,  342(1907). 

12.  Meunier  and  Desparwst,  Bull,  eoc.  chin.  France.  (4)  2£.  481(1934). 

13.  Bourguel,  (tot.  rend..  176  . 751  (1923). 

14.  Bourguel,  Ajgi.  chin..  (10)  191,  325(192 5). 

15.  Bourgosl,  Bull.  S0£.  chin.  France.  (4)  4^,  1475(1927). 

* 

16.  Lesplean  and  Bourguel,  Ora.  Syntheses.  Coll.  Tel.  ^ 191,  2nd  ed. , 1941 

17.  Tanfihn,  Togt,  and  Hleuvland , £.  £n.  Chan.  Hoc. , £6,  2120-2(1934). 

18.  Ry&en,  Claris , end  Marsel,  £.  Oheg.  Soc..  52..  1014(1937). 

19.  Campbell  and  O’Connor,  J.  A^.  Chem.  Soc..  2897(1939). 

20.  Lebemi  end  ?loon,  Cogpt.  rend. , J5&,  1077  (1913). 

21.  Picon,  Cowpt.  rend. , lj8,  1184,  1346(1914) f 894(1919);  i6i,  32 

(1919). 


76 


77 


22.  Me  Inert  and  Hurd.jJ.  Ag.  Chep.  Soe..  ££,  4540(1930). 

23.  Hurd  and  Keinert.  £.  A£.  Chem.  Soc. , 52.  299(1931). 

24.  Kr&nzf  elder  and  Sow*,  £.  Ag.  Chen.  Soc. , 1490(1937) 

25.  pieoa,  Sas^.  r^.,  ^ 825(1919). 

26.  /angfan,  Hennion,  Togt,  and  Hieuvland,  £.  Ojg.  Chen. , £,  1(1937). 

27.  Greenlee,  Dissertation.  Ohio  State  University,  1942. 

28.  Henne  and  Greenlee,  £.  £g.  Cfrem.  Sog. , £5,  2020(1943);  ££,  484(1945). 

29.  McCusker  and  Kroeger,  £.  ,Ag.  Chen.  Sog. , 531,  213(1937). 

30.  Lespiea*  and  Journand,  sog.  £hig.  Franee.  (4)  4&  423(1931). 

31.  Himiwl-nd  and  Vogt,  ?hg  Chgfnlstry  of  Acetylene.  Chapters  XX  and  HI, 

Re  into  Id  Publishing  Corp. , Hew  York,  1945. 

32.  Kahovee,  Z.  gieg.  364-74(1939). 

33.  Tiollais,  Coget.  rend . , ggj,,  1116-18(1947). 

34.  Tiollais,  giH.  sog.  ghjg.  France . 194?.  708-16,  716-24. 

35.  Canphell,  Sonners,  and  Campbell,  £.  Ag.  Sog. , ^ 82-4(1944). 

36.  Lilly  & Co.,  Brit.  Pat.  596,471,  Jan.  5,  1948. 

37.  Clark  end  *'ileon  (to  Carbide  and  Carbon  Ohenicals  Co.),  U.  S.  Pat. 

2.319,848,  May  25,  1943. 

38.  Kropp  (to  I.  0.  Farbenindustrie  A.-G.),  U.  S.  Pat.  1,834.850,  Deo.  1, 

1931. 

39.  Kropp  (to  X.  0.  Farbenindu  trie  A.-O.),  u.  S.  p»t.  1,834.849,  Dec.  1, 

1931. 

40.  Carnahan  and  Hurd,  £.  £n.  Chen.  Sog. , 5^  4586-95(1930). 


78 


41.  Mann,  J.  Chen.  Soc. , l^L.,  2178-82(1922). 

42.  Schmidt  and  Becfeer,  Monatsh. . 4&,  675-8(1926). 

43.  Olusman,  Trudy  Inst.  Khin.  Kharkov  Oosudaxet.  Univ. . £,  93-153(1940). 

44.  Whitmore,  Oranlc  Chemistry.  D.  Van  Hostrond  Co.,  Inc.,  1937.  p.  200. 

45.  Wegler  and  Busieka,  Ber . , 683.  1059-62(1935)* 

46.  Turean,  Bull,  soc.  chin..  (5)  i,  283-94(1936). 

47.  Vayoreky,  J.  prakt.  Chen..  (2)  2lL  417(1888);  (2)  *&,  208(1891). 

48.  Whitmore , Organic  Chemistry.  D.  Von  Hoetrand  Co.,  Inc.,  1937,  P*  51. 


AOOrOWLEDGMBSTS 

The  author  wishes  to  express  sincere  appreciation  to  Sr.  0.  B. 
Pollard,  the  director  of  this  research  project,  for  his  unfailing 
encouragement  and  assistance  throughout  the  project. 

Grateful  acknowledgment  is  also  made  to  the  Office  of  Hcral 
Research,  tinder  whose  sponsorship  this  project  was  carried  out,  for 
financial  assistance  in  the  form  of  a fellowship  which  was  granted 
to  the  author,  and  for  providing  chemicals  and  equipment  for  carrying 
out  the  project. 


79 


BIOGRAPHICAL  ITEMS 


Mr.  Robert  ford  Pare®  11  was  bora  la  Lakeland,  Florida,  on 
September  1*  1922.  Ha  attended  the  University  of  Florida  frees  19&0 
natil  January,  19M,  at  which  tine  ho  received  the  degree  of  Bachelor 
of  Science.  In  February,  19h4,  ha  vas  canals sioned  in  the  United 
States  Havel  Beserve  and  served  until  September , 19 hd.  Re  than  return- 
ed to  the  University  of  Florida  and  undertook  the  graduate  study  of 
organic  chemistry,  receiving  the  degree  of  Master  of  Science  in  February 
19W.  Continuing  hie  graduate  study,  he  received  the  degree  of  Doctor 
of  Philosophy  in  February,  1950. 

He  hat  served  at  an  undergraduate  assistant  in  the  Department  of 
Chemistry  for  one  year,  a graduate  assistant  for  mte  and  one-half  years, 
and  has  held  a research  fellowship  under  the  Office  of  Haval  Research 
for  two  years.  Be  is  a member  of  Phi  Eta  Sigaa,  Gamma  Sigma  Epsilon, 
and  Phi  Kappa  Phi  honorary  societies. 


COMMITTEE  REPORT 


This  dissertation  was  prepared  under  the  direction  of  the 
Chairman  of  the  candidate's  Supervisory  Committee  and  has  been  approved 
by  all  members  of  the  committee.  It  was  submitted  to  the  Graduate 
Council  and  was  approved  ae  partial  fulfilment  of  the  requirements  for 
the  degree  of  Doctor  of  Philosophy, 


Supervisory  Committee: 


